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At  a  Special  General  Meeting  of  Members,  held  at  the  Insti- 
tution of  Civil  Engineers,  25,  Great  George  Street, 
Westminster,  on  Thursday,  January  10th,  1889  —  Mr. 
Edward  Graves,  late  President,  in  the  Chair — 

The  notice  convening  the  meeting  was  read  by  the  Secretary. 

The  Chairman  moved  that  the  following  resolution,  passed  at 
the  Special  General  Meeting  of  Members  on  the  20th  December, 
1888,  be  now  confirmed,  v^z, : — 

"  That  the  Regulations  of  the  Society  of  Telegraph-Engineers 
**  and  Electricians,  as  contained  in  their  Memorandum  and 
"  Articles  of  Association,  be  altered  by  substituting  the  name 
**  *  The  Institution  of  Electrical  Engineers '  for  *  The  Society  of 
"  *  Telegraph-Engineers  and  Electricians,'  and  also  by  sub- 
**  stituting  the  word  *  Institution '  for  the  word  *  Society,' 
"  wherever  the  same  respectively  occur  in  the  regulations." 

The  motion,  having  been  seconded  by  Professor  D.  E.  Huqhes, 
Past-President,  was  carried  unanimously. 
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The  One  Hundred  and  Eighty-third  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25^  Ghreat  Q-eorge  Street,  Westminster,  on  Thursday,  January 
lOth,  1889— Mr.  Edwakd  Graves,  Past-President,  in  the 
Chair;. 

The  Chairman  :  In  order  to  shorten  the  formal  proceedings 
this  evening,  we  propose  to  defer  reading  the  minutes  of  the  Annual 
General  Meeting  of  December-  13th.  They  are  not  particularly 
novel  or  interesting,  but  are  necessarily  rather  long,  on  account 
of  the  numerous  votes  of  thanks  recorded  therein.  With  your  per- 
mission, therefore,  we  will  defer  the  reading  of  them  until  the 
next  meeting. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 


James     Thomson     Bottomley, 

F.B.S. 
George  Fuller. 
William  Geipel. 
Walter  Thomas  Goolden,  M.A. 
William  P.  Granville. 
Frank  King. 


William  M.  Mordey. 
Lieut.-Col.     M.     T.     Sale, 

C.M.G.,  R.E. 
Albion  T.  Snell. 
Henry  Upton. 
T.  Fred,  Toft. 
John  B.  Verity. 


From  the  class  of  Students  to  that  of  Associates*- 


Percival  S.  Tasker. 
Ernest  George  Tidd. 
Walter  B.  Underbill. 


Edgar  T.  Gideon. 
John  Ranee,  jun. 
C.  P.  Sparks. 
Edward  Wythe  Smith. 

The  Chairman  :  I  have  now  to  announce  that  the  last  legal 
steps  have  been  taken  in  reference  to  the  change  of  name  of  the 
Society,  and  that  in  future  the  "  Institutixm  of  Electrical  Engv- 
"  Timers  "  will  take  the  place  of  the  "  Society  of  Telegraph-Engineers 
**and  Electricians." 

Before  resigning  the  chair  I  have  one  mor^  ii^efeSblPfilSj^to 
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perform,  and  that  is  to  present  the  premiums  awarded  bj  the 

Conncil ;  but  I  will  first  call  upon  the  Secretary  to  read  a  letter 

vhich  has  been  received  from  Professor  Silvanus  Thompson. 

The  Segretaby:  Members  will  recollect  that  the  principal 

premium  of  the  Institution  was  awarded  to  Professor  Silvanus 

Thompson  for  his  paper  on  ^^  The  Influence  Machine,  from  1788 

**to  1888."    In  reply  to  my  letter  announcing  that  award,  he 

iBmtes  as  follows : — 

20,  Arundbl  Gaxdbns,  W., 

D$ember  I6th,  1888. 

IhuK  Mb.  Wkbb,— I  am  in  reoeipt  of  yoan  of  the  14th  inst,  annoancing 
that  the  Conncil  of  the  Society  of  Telegraph-Engineers  and  Electricians  have 
awarded  to  me  the  <*  Society's  Premium  "  for  1888.  I  need  not  say  that  I  grate- 
fully acknowledge  the  honour  which  the  Council  have  done  me  in  selecting  me 
to  be  the  recipient  of  this  award.  I  should  value  highly  such  an  addition  to 
my  library,  and  deeply  appreciate  the  expression  of  the  Council's  goodwill. 

That  the  original  intention  of  the  Society  in  establishing  this  premium 
was  to  offer  it  for  the  encouragement  of  the  efforts  of  the  junior  members  of 
the  Society  is,  however,  obvious ;  and  I,  having  already  once  served  on  your 
Council,  viz.,  in  1886,  and  having  just  been  again  elected,  cannot  but  feel  that, 
though  technically  I  may  be  entitled  to  the  honour,  the  interests  of  the  Society 
wiU  he  best  served  if  the  Council  will  revert  to  the  original  intention  of  the 
award. 

I  therefbre  ask  the  Council  to  allow  me  most  respectfully  to  decline  the 

Believe  me,  dear  Mr.  Webbi 

Yours  very  truly, 

(Signed)  SILVANUS  P.  THOMPSON. 

F.  H.  Webb,  Esq. 

The  Chairman:  I  do  not  doubt  that  you  will  highly  appre- 
ciate, as  the  Council  do,  the  consideration  shown  by  Professor 
Silvanus  Thompson  in  his  decision;  and  I  think  also  that  the 
course  recommended  by  the  Premium  Committee  under  the 
circumstances,  and  which  has  been  adopted  by  the  Coimcil,  will 
meet  with  your  approval,  viz.,  that  Professor  Silvanus  Thompson 
having  declined  to  receive  the  premium  awarded  to  him  for  the 
reasons  given  by  him,  Mr.  A.  C.  Cockbum,  who  was  to  receive  the 
second  prize,  should  receive  the  first ;  that  Mr.  E.  Stallibrass,  who 
was  to  receive  the  third  prize,  should  receive  the  second;  and 
that  Mr.  E,  0.  Walker,  whose  communication,  "  Earth  Currents 
"  in  India,'*  was  highly  commended,  should  receive  the  third 
pnze. 
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The  meeting  having  signified  approval,  the  following  prizes 
were  presented  by  Mr.  Graves,  viz.  :— 

To  Mr.  A.  C.  Cockbum,  Member,  the  "  Society's  Premium," 
value  £10,  consisting  of  a  chemical  balance,  Prescott's 
"Dynamo-Electricity,"  and  Prescott's  "Electricity  and 
"  Magnetism." 

To  Mr.  Edward  Stallibrass,  Member,  the  "Paris  Electrical 
"  Exhibition  Premium,"  value  £5,  consisting  of  Spon's 
"  Dictionary  of  Engineering,"  in  four  volumes. 

The  Chairman  :  Mr.  E.  0.  Walker,  to  whom  the  "  Fahie  Pre- 
"  mium  "  has  been  awarded,  is  in  India,  and  the  Secretary  has  not 
yet  had  time  to  ascertain  in  what  form  he  wishes  to  receive  it. 

The  Chairman  :  My  remaining  duty  is  to  introduce  to  you  as 
your  President  Sir  William  Thomson,  in  whose  favour  I  vacate 
this  chair. 

The  President,  Sir  William  Thomson,  then  took  the  chair, 
and  delivered  the  following  Inaugural  Address : — 

ETHEB,  ELECTRICITY,  AND  PONDERABLE  MATTER. 

Gentlemen, — ^My  first  duty  is  to  give  you  my  warmest  thanks 
for  the  great  honour  you  have  done  me  in  electing  me  to  be  the 
first  President  of  the  Institution  of  Electrical  Engineers.  Fourteen 
years  ago,  when  the  three-year-old  Society  of  Telegraph  Engineers 
honoured  me  by  appointing  me  to  be  their  President,  the  Society 
numbered  570  members ;  it  now  numbers  1,500.  It  is  gratifying 
to  us  to  think  how  that  yoimg  Society  has  grown,  and  how  success- 
ful it  has  been. 

But  while  we  think  with  pleasure  of  the  great  increase  of  our 
.  numbers,  that  pleasure  is  saddened  by  the  thought  that  a  great 
many  of  the  old  members  are  gone,  and  especially  the  first  two 
Presidents — Sir  William  Siemens  and  Mr.  Frank  Scudamore. 
The  genial  presence  of  Sir  William  Siemens  is  a  happy  recollec- 
tion to  many  of  us — I  think  I  might  say  to  nearly  all  present — 
and  the  thought  that  he  is  no  more  with  us  is  certainly  a  very 
great  grief  to  all  who  have  known  him,  and  a  loss  to  Science  and 
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to  England.  We  look  back  upon  Mr.  Scudamore's  presidency  with 
great  satis&ction,  considering  all  that  he  did  for  the  Society,  and 
his  loss  is  deeply  felt.  Three  of  the  Presidents  since  I  had  the 
honour  to  serve  are  also  gone — ^Mr.  Walker,  Sir  John  Bateman- 
Champain,  and,  within  the  past  year,  Sir  Charles  Bright.  The 
first  Atlantic  cable  of  1857  gave  me  the  happiness  and  privilege 
of  acquaintanceship  with  Sir  William  Siemens.  In  the  course  of 
the  work  Sir  Charles  Bright  was  my  colleague.  He  was  engineer 
to  the  company,  and  during  the  thirty-three  days  when  we  were 
out  of  sight  of  land  in  the  ever-memorable  "Agamemnon  "  expedi- 
tion of  1858,  Sir  Charles  Bright  was  with  us,  full  of  vigour  and 
enthusiasm.  To  his  vigour  and  earnestness  and  enthusiasm,  in  a 
great  measure  was  due  the  existence  of  that  cable — ^the  temporarily 
successful  cable  of  1858 — ^and  all  the  great  consequences  which 
followed  from  it,  even  although  that  cable  itself  had  a  very  short 
life,  having  only  three  months  of  working  time,  and  a  still  shorter 
time  of  really  useful,  practical  work.  Still,  we  must  always  feel 
deeply  indebted  to  Sir  Charles  Bright  as  a  pioneer  in  that  great 
work,  when  other  engineers  would  not  look  at  it,  and  thought  it 
was  absolutely  impracticable ;  and  we  must  always  look  upon  our 
late  colleague,  lost  within  the  last  year,  as  having  done  much 
indeed  for  the  subject  of  the  Society  of  Telegraph  Engineers. 

The  Society  of  Telegraph  Engineers  has  grown  not  only  in 
membership,  but  in  the  extent  of  its  province,  from  the  time  of 
its  foimdation  until  now.  It  became  the  "  Society  of  Telegraph- 
**  Engineers  and  Electricians  "  a  few  years  ago,  and  now  the  more 
properly  representative  title  of  the  "Institution  of  Electrical 
"  Engineers  **  has  been  adopted.  The  original  name  included  only 
telegraphy,  but  that  was  not  then  the  only  application  of 
electricity  to  engineering.  There  was  electro-metallurgy. 
Electro^metallurgy  and  telegraphy  were  the  two,  and  I  think 
the  only  two,  branches  of  practical  science  to  which  electricity 
had  then  been  applied;  but  since  that  time  we  have  a  vast 
augmentation  of  the  field.  We  have  telephony ;  we  have 
electric  transmission  of  power.  The  Society  of  Telegraph 
Engineers  will  recollect  Sir  William  Siemens's  introduction  ito 
it  of  that  great  subject  of  the  electric  transmission  of  power^on 
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a  scale  of  practical  usefulness.  I  think  we  may  safely  feel  that 
to  the  Society  of  Telegraph  Engineers  in  a  large  measure  is 
due  that  practical  development  of  electricity.  We  have  now 
power  electrically  transmitted  through  factories  to  drive  separate 
machines  by  separate  motor  dynamos;  we  have  electric 
haulage  and  electric  tramcars;  we-  have  the  application  of 
electricity  to  naval  and  military  purposes  ;  and  last,  ivot  leasts 
we  have  the  application  of  electricity  to  electric  lighting. 
With  all  these  grand  subjects  of  applied  practical  science  for 
our  province,  I  think  the  Institution  of  Electrical  Engineers 
may  feel  that  it  has  a  great  and  noble  dominion. 

But  we  must  not  forget  that  th^  province  of  the  electrical 
engineer  necessarily  touches  upon  that  of  the  civil  engineer. 
When  fourteen  years  ago  I  gave  my  Inaugural  Address, 
I  endeavoured  to  impress  upon  engineers  and  architects 
that  architects  made  a  great  mistake  in  not  being  engineers — 
in  not  qualifying  themselves  as  engineers,  and  doing  the  work 
of  engineers  —  that  architects  do  not  do  their  duty  to  their 
clients  in  not  being  engineers  and  understanding  the  engineer- 
ing of  their  own  works,  and  making  engineering  science,  par- 
ticularly the  dynamics  of  engineering,  an  essential  part  of  the 
training  of  an  architect.  It  is  not  necessary  to  make  any 
animadversion,  I  think,  upon  electrical  engineers  in  this  respect. 
Electrical  engineers  know  well  that  they  must,  before  all,  be 
engineers.  They  must  be  engineers,  and  they  must  learn 
electricity. 

To  young  persons  who  have  a  taste  for  electrical  machines 
(and  who  that  is  young  has  not  a  taste  for  electrical  machines, 
and  sparks,  and  flashes,  and  aurora  borealis  artificially  made,  and 
the  smell  of  ozone — sulphur  and  phosphorus  we  used  to  call  it ! — 
which  is  one  of  the  pleasing  reminiscences  of  one's  youth  in 
working  with  electrical  machines?)  a  word  of -advice  may  be 
useful.  Every  young  person  who  has  a  fieincy  for  electricity 
thinks  he  would  like  to  be  an  electrical  engineer.  They  think 
electrical  engineering  is  all  ether  and  electricity.  Now  I  have 
continually  to  impress  upon  anxious  fathers  and  mothers  that 
their  boys  must  condescend  to  learn  something  of  gross  ponder- 
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able  matter,  and  that  electrical  engineering  is  not  confined 
to  ether  and  electricity,  but  mechanics  also  is  an  essential  part 
of  the  subject.  It  is,  I  think,  an  important  practical  point  this 
— that  the  electrical  engineer,  or  the  youth  or  aspirant  to  that 
honourable  profession,  ought  to  learn  mathematics  and  dynamics 
after  having  obtained  the  elements  of  a  good  general  education* 
He  ought  to  learn  mathematics  and  dynamics  well.  Then  a 
good  deal  of  chemistry  and  regular  mechanical  and  civil 
engineering  should  all  be  learnt ;  and  electricity  learnt  besides* 
It  may  be  said  juvenile  life  is  too  short.  I  do  not  think  it  is* 
I  think  if  the  other  subjects  are  well  learnt,  electricity  may  be 
learnt  in  a  few  months.  I  am  perfectly  sure  that  if  the  youth 
is  qualified  in  other  departments,  the  mere  addition  of  eleo- 
tiidty  to  the  education  of  a  competent  engineer  will  not  take  sa 
yery  long  a  time  as  might  be  imagined,  and  that  the  merely 
educational  part  of  the  work  will  not  be  protracted  unduly  by 
adding  electricity  to  the  branches  learnt  in  general  engineering. 
I  do  not  mean  to  say  that  if  electrical  engineering  is  the  branch 
adopted,  there  is  not  an  endless  and  prodigious  field  of  electricity 
proper  in  which  the  worker  will  learn  every  day  of  his  life, 
though  he  lives  for  more  years  than  any  person  present.  I  wished 
just  to  make  these  few  remarks  in  the  beginning,  because  they 
do  seem  to  me  of  some  practical  importance,  and  worthy,  there- 
fore, of  being  put  in  the  front  of  the  Address  I  have  to  offer  as 
first  President  of  the  Institution  of  Electrical  Engineers. 

Now  these  remarks  have  suggested  to  me  a  subject  for  such  a 
scientific  exposition  as  I  could  possibly  attempt  to  give  in  this  open- 
ing Address — "  Ether,  Electricity,  and  Ponderable  Matter."  The 
demand  for  something  like  a  mechanical  explanation  of  electrical 
phenomena  is  not  new,  but  it  is  growing  in  intensity  every  year; 
The  proceedings  of  recent  meetings  of  the  British  Association-^ 
and  especially  of  the  last  meeting  of  the  British  Association- 
illustrate  the  growing  desire  to  know  something  below  the  sur- 
face ;  to  know  something  of  the  internal  relations  connected  with 
the  wonderful  manifestations  of  force  and  energy  which  are  put 
before  us  in  the  action  of  the  magnet,  in  the  working  even  of  a 
common  electrical  machine,  and  in  electro-magnetic  phenomemu 
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The  Addresses  of  Past-Presidents  of  the  parent  Societies  of 
Telegraph  Engineers,  and  Telegraph-Engineers  and  Electricians 
illustrate  also  the  growing  desire  to  know  something  of  the 
molecular  theory  or  the  dynamical  theory  of  electricity  and 
magnetism.  Mr.  Preece,  in  his  Address  of  1880,  pointed  out 
how  Maxwell  had  shown  the  velocity  of  light  to  be  related  to 
electricity  in  such  a  way  that  we  can  scarcely  doubt  but  that  the 
propagation  of  electro-magnetic  disturbance  through  space,  which 
we  have  every  reason  to  believe  does  exist — which,  in  fact,  from 
known  laws  we  may  say  certainly  does  exist — ^is  eflFected  with  a 
velocity  equal  to  that  of  light,  and  that  the  propagation  of 
electrical  disturbance  and  of  light  may  perhaps  be  identical.  In 
support  of  these  remarks,  Mr.  Preece  alluded  to  the  disturbances 
at  the  sun's  surface  and  the  simultaneous  magnetic  disturbances 
which  had  been  observed  in  the  telegraphs  and  in  other  operations 
of  an  electro-magnetic  character  on  the  surface  of  the  earth. 

In  1883  Mr.  Willoughby  Smith  described  shortly  some  experi- 
ments which  I  consider  to  be  very  beautiful  and  very  instructive, 
with  which  he  was  then  engaged.  Those  experiments  demon- 
strated and  illustrated  the  screening  eflFect  of  sheets  of  diflFerent 
kinds  of  metal  upon  electro-magnetic  and  electrostatic  inductions. 
Electric  induction,  simply,  we  may  say,  because  we  begin  to  fail 
to  distinguish  between  electrostatic  induction  and  electro-mag- 
netic induction.  In  Willoughby  Smith's  subsequent  work  he 
gave  an  exceedingly  beautiful  set  of  experimental  investigations 
of  the  screening  eflFect  of  lead,  copper,  and  iron,  of  which,  as  I 
have  said,  a  slight  sketch  was  given  in  his  Presidential  Address. 
A  little  earlier  the  subject  was  mathematically  worked  out  with 
great  power  by  several  mathematicians,  but  perhaps  most  notably 
by  Horace  Lamb.  I  feel  it  almost  invidious  to  mention  names 
when  there  are  so  many  thorough  workers  who  touched  upon  the 
same  subject  very  closely.  Charles  Niven,*  almost  simultaneously 
with  Lamb,t  went  through  very  much  the  same  kind  of  work — 

*  "  On  the  Induction  of  Electric  Currents  in  Infinite  Plates  and  Spherical 
"  Shells,"  Phil,  Trans.  Boy.  8oc„  1881,  p.  807  (read  Jan.  29th,  1880). 

t  "  On  Electrical  Motions  in  a  Spherical  Conductor,"  PhU,  Tran«.  Roy.  Soc, 
S83,  p.  619  (read  AprU  5th,  1883).  '  ""  O   " 
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in  &ct,  obtained  the  same  solutions  of  some  im{)ortant  and 
interesting  problems  regarding  electric  currents  in  spherical 
conductors.  I  specially  mention  Lamb's  name  because  the 
subject  of  screening  is  more  particularly  developed  in  his  mathe- 
matical paper. 

In  the  memorable  Presidential  Address  of  Professor  Hughes, 
another  allied  branch  of  electro-magnetic  induction  was  very 
admirably  illustrated  by  experiments  which  are  now  more  or 
less  familiar  to  us  all,  but  which  have  been  of  an  immensely 
suggestive  and  stimulating  character,  both  to  mathematicians 
and  to  experimental  workers.  The  very  criticisms  by  mathe- 
maticians upon  some  of  the  experiments  and  modes  of  statement 
by  Professor  Hughes  have,  with  Professor  Hughes's  own  ex- 
periments, given  a  very  large  body  of  electric  knowledge  and 
electro-magnetic  knowledge  which,  without  such  stimulus  and 
such  mathematical  and  experimental  scrutiny  as  it  has  led  to, 
might  have  been  wanting  for  many  a  year. 

One  of  the  earliest  problems  in  which  electric  induction  had 
to  be  considered  was  that  of  the  submarine  telegraph.  The 
subject  of  induction  in  telegraph  wires  presented  itself  in  a 
peculiarly  perplexing  way  to  the  first  workers  in  that  depart- 
ment. There  was  the  general  knowledge  of  electro-magnetic 
induction  between  two  wires,  which  had  been  worked  out  by 
Henry  and  Faraday  in  a  very  full  manner.  That  was  the  only 
kind  of  induction  which  was  thought  of  by  some  of  the  pioneers 
of  submarine  telegraphy.  Another  kind  of  induction  was  more 
thought  of  by  others.  That  was  the  electrostatic  induction  due 
to  the  Leyden-jar  charge  of  the  insulated  wire.  Faraday,  in  this 
department,  as  in  the  other  department,  was  the  origin  of  nearly 
all  that  we  now  know.  He  explained  in  a  very  beautiful  and 
dear  way  the  electrostatic  charge  of  the  submarine  cable,  and 
showed  how  the  electricity  conducted  through  the  cable  from  one 
end,  to  give  what  of  potential  is  necessary  in  the  middle  or  the 
other  end  of  the  cable — ^in  the  middle  of  the  cable  for  any  mode 
of  working,  at  the  other  end  of  the^cable  for  modes  of  working  in 
which  the  other  end  is  insulated — gave  rise  to  the  Leyden-jar 
charge.     He  pointed  out  (without  going  into  any  of  these  details. 
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however)  the  doctrine  of  the  conduction  of  electricity  through 
the  wire  to  supply  the  Leyden-jar  charge  which  the  wire  must 
have,  in  the  course  of  working,  in  order  to  be  raised  to  the 
difference  of  potential  from  the  earth  required  to  cause  the  signal 
current  to  pass  through  it.  Cromwell  Varley  made  very  im- 
portant advances  in  that  direction.  At  the  meeting  of  the 
British  Association  in  1854,  at  Liverpool,  he  brought  forward 
some  important  developments  of  Faraday's  doctrine.  And  then 
came  on  the  great  Atlantic  Cable  question.  I  always  remember 
how  that  question  came  upon  me.  I  see  in  Professor  Stokes^s 
presence  with  us  this  evening  a  reminder  of  the  circumstances* 
I  was  hurriedly  leaving  the  meeting  of  the  British  Association^ 
when  a  son  of  Sir  William  Hamilton,  of  Dublin,  was  introduced 
to  me  with  an  electrical  question.  I  was  obliged  to  run  away 
to  get  to  a  steamer  by  which  I  was  bound  to  leave  for  Grlasgow, 
and  I  introduced  him  to  Professor  Stokes,  who  took  up  the  subject 
with  a  power  which  is  inevitable  when  a  scientific  question  is  sub- 
mitted to  him.  He  wrote  to  me  on  the  subject  soon  after  that 
time,  and  some  correspondence  between  us  passed,  the  result  of 
which  was  that  a  little  mathematical  theory  was  worked  out,  which 
constituted,  in  fact,  the  basis  of  the  theory  of  the  working  of  the 
submarine  cable.  In  that  theory,  electro- magnetic  induction  was 
not  taken  into  account  at  all.  The  leaving  it  out  of  account 
was  justified  by  the  speed  of  signalling  which  the  circum- 
stances of  a  cable  exceeding  200  or  300  miles  in  length 
dictated.  For  a  cable  more  than  200  or  300  miles  long  the 
speed  of  working  was  essentially  limited  by  these  electrostatic 
considerations — limited  so  much  that  the  electro-magnetic 
induction  certainly  could  have  no  sensible  eflfect.  But  the 
possible  speed  of  working  in  a  cable  of  20  miles  or  50  miles^ 
or  even  100  miles,  was  so  great  that  in  short  lengths  like  that 
the  electro-magnetic  induction  might  well  come  into  play. 
I  worked  out  the  subject  partially  myself.  I  found  it  necessary 
to  do  so  to  satisfy  myself  that  the  doctrine  upon  which  the 
Atlantic  Cable  project,  then  growing  up,  was  ultimately  founded, 
was  thoroughly  trustworthy.  I  found  it  necessary  to  investigate 
the  question  of  electro-magnetic  induction.    This  question  was 
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further  forced  upon  me  by  commimications  that  I  had  with 
mj  friends,  Lewis  Gordon,  and  the  two  brothers,  Charles  Wm. 
Siemens  and  Werner  Siemens,  with  reference  to  Mediterranean 
cables.  It  was  imagined  that  electro-magnetic  induction  alone 
was  operative — that  embarrassment  in  working  through  the 
snibmarine  cable  was  due  to  electro-magnetic  induction  alone. 
On  its  being  demonstrated  that  electro-magnetic  induction 
could  have  no  sensible  effect  on  the  signalling  through 
proposed  Mediterranean  cables,  the  proposal  to  have  two  thin 
wires  close  together  in  order  to  obviate  electro-magnetic 
induction  was  given  up.  Experiments  in  Grermany  had  shown 
considerable  electro-magnetic  induction  on  short  lengths  of 
cable,  and  it  had  been  supposed  that  there  would  be  embarrass- 
ment fix>m  this  cause  in  the  working  of  the  cables,  which  would 
be  diminished  by  using  wires  very  close  together.  But  this 
diminution  of  the  electro-magnetic  inductive  influence  would 
produce  a  corresponding  increase  in  the  electrostatic  inductive 
influence;  and  when  it  was  pointed  out  that  the  electro- 
magnetic inductive  influence  would  be  absolutely  imperceptible 
at  the  highest  speeds  of  working  of  the  proposed  cables,  and 
that  it  would  be  the  electrostatic  induction  which  would  limit 
the  speed,  the  idea  of  making  them  of  thin  twin  wires — two  pairs 
of  wires  close  together  in  metallic  circuit — was  given  up,  and  the 
present  type  of  submarine  cables  was  adopted.  But  now  it  is 
very  interesting  to  us  to  find  that  old  question  revived.  I  had 
myself  laid  it  aside  in  some  comer  of  my  mind  and  in  some 
slight  comers  of  my  note-books  for  forty  years.  Within  the  last 
forty  days  I  have  really  worked  it  out  to  the  uttermost,  merely 
for  my  own  satisfaction.  But  in  the  meantime  it  had  been 
worked  out  in  a  very  complete  manner  by  Mr.  Oliver  Heaviside  ; 
and  Mr.  Heaviside  has  pointed  out  and  accentuated  this  result 
of  his  mathematical  theory — that  electro-magnetic  induction 
is  a  positive  benefit :  it  helps  to  carry  the  current.  It  is  the 
same  kind  of  benefit  that  mass  is  to  a  body  shoved  along  against 
a  viscous  resistance.  Suppose,  for  instance,  you  had  a  railway 
carriage  travelling  through  a  viscous  fluid.  Take  a  boat  onj 
wheels,  so  that  the  more  massive  body  will  not  sink  deepe^r  in 
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the  fluid  than  the  less  massive  body.  Take  a  boat  on  wheels  in  a 
viscous  fluid.  We  will  shove  oS  two  boats  with  a  certain  velocity 
—the  boats  of  the  same  shape ;  but  let  one  of  them  be  loaded  to 
ten  times  the  mass  of  the  other :  it  will  take  greater  force  to  give 
it  its  impulse,  but  it  will  go  further.  That  is  Air.  Oliver 
Heaviside's  doctrine  about  electro-magnetic  induction.  It  requires 
more  electric  force  to  produce  a  certain  amount  of  current,  but 
the  current  goes  further.  It  is  a  very  crude  way  in  which  I  am 
putting  it.  I  am  not  doing  justice,  of  course,  I  know,  to  his 
statement  in  one  short  sentence.  The  whole  question  is  treated 
in  the  most  complete  mathematical  way.  The  eflfect  of  electro- 
magnetic induction  and  electrostatic  induction  taken  together 
(and  they  cannot  be  separated)  is  fully  worked  out.  One  thing 
that  was  known  of  old  is  made  a  point  of  in  Mf .  Heaviside's  treat- 
ment of  the  cable  problem — that  is,  the  beneficial  eflfect  of  leakage 
in  respect  to  clearness  of  signals.  Old  telegraphists  remember 
that.  They  always  used  to  say  three  or  four  good  leaks  in  a 
cable,  if  they  would  but  kindly  remain  constant,  and  not  introduce 
extra  trouble  by  earth  currents,  would  make  the  signalling  more 
distinct.  That  used  to  be  well  known,  and  the  reason  used  to  be 
fairly  well  known ;  mathematical  theory  had  pointed  it  out.  Now 
Mr.  Oliver  Heaviside  has  taken  up  that  subject  again  and  included 
it  in  his  work.  He  has  included  it  along  with  electro-magneticj 
induction,  and  this  point  he  has  particularly  accentuated.  It  is' 
a  practical  point  of  importance  that  the  question  of  clearness  of 
signals  is  not  simply  or  even  very  importantly  this — How  much  is 
the  current  attenuated  at  the  remote  end  of  the  cable  ?  how  much 
is  the  amplitude  of  the  electric  current  in  one  mode  of  working, 
or  of  the  variation  of  electric  potential  in  another  mode  of  work- 
ing, altered  in  transmission  through  a  thousand  miles  or  two 
thousand  miles  of  cable  ?  A  certain  range  is  given  at  the  sending 
end ;  and  what  is  the  range  at  the  receiving  end  ?  That  is  an 
important  question,  but  it  is  not  the  most  important  question 
with  reference  to  clearness  of  signalling ;  in  fact,  we  might  almost 
say  it  is  not  an  important  question  at  all.  It  is  not  the  smallness 
of  the  signals  at  the  receiving  end  that  is  the  real  difficulty  in  a 
submarine  cable  just  now  at  all ;  it  is  the  running  of  one  signal 
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into  another ;  it  is  the  want  of  correspondingly  definite  distinctions 
of  single  signals  or  of  a  group  of  signals  at  the  receiving  end  and 
at  the  sending  end. 

Now  in  the  mathematical  theory  there  are  two  things  to  be 
considered  in  respect  to  the  distortion  (as  Heaviside  called  it) 
of  the  signals  in  passing  through  the  cable.  One  thing  to  be 
considered  is  the  retardation  of  phase ;  another  is  the  diminu- 
tion of  amplitude.  If  the  retardation  of  phase  were  the  same 
for  alternating  currents  of  all  periods,  then  this  retardation  of 
the  phase  would  be  of  no  consequence  whatever — it  could  not 
diminish  the  distinctness  at  all.  Again,  if  the  diminution  of 
tlie  amplitude  were  precisely  in  the  same  proportion  for  alter- 
nating currents  of  all  periods,  then  when  we  come  to  make 
non-periodic  signals  we  should  find  that  the  signals  would  be 
transmitted  with  perfect  sharpness.  In  fact,  if  we  compare 
the  transmission  of  electric  signals  through  a  wire  with  the 
transmission  of  sound  through  air,  we  have  in  the  course  of 
transmission  of  sound  through  air  great  attenuation  by  distance — 
inversely  as  the  square  of  the  distance,  in  fact — ^but  the  same  for 
all  notes ;  and,  again,  retardation  of  phase  depending  upon  the 
velocity  of  the  sound,  the  same  for  all  notes.  The  result  is 
that  speaking,  and  musical  performances,  and  signals  of  all 
kinds  in  air,  lose  none  of  their  clearness  by  distance.  It  is  just 
a  question  whether  at  the  very  greatest  distance  at  which  a 
sound  can  be  heard  there  is  any  want  of  clearness  due  to 
different  attenuations  of  the  different  notes  or  of  the  different 
elements  forming  the  compound  sound,  or  to  difference  of 
retardations  of  phase.  I  must  not  occupy  you  too  long  with 
this  subject,  but  it  is  one  of  large  practical  importance. 
Heaviside  points  out  that  electro-magnetic  induction  causes  a 
less  great  difference  in  the  attenuation  of  different  periods  than 
there  is  without  it ;  and  that  electro-magnetic  induction  (as 
we  knew  forty  years  ago)  tends  to  reduce  the  retardation  of 
phase  to  the  same  for  all  different  notes — that  is,  to  the  retar- 
dation equal  to  what  would  depend  on  a  velocity  not  very 
different  firom  the  velocity  of  light— if  the  signals  have  but 
sufficient  frequency.    That  velocity  was  then  and  is  still  known 


14  PRESIDENT'S  ADDRESS.  [Jan.  10th, 

as  the  velooity  which  is  the  conductance  in  electrostfi^tic  measure, 
and  the  resistance  in  electro-magnetic  measure  of  one  and  tbe 
same  conductor.  But  its  relationship  to  the  velocity  of  light 
was  brought  out  in  a  manner  by  Maxwell  to  make  it  really  a 
part  of  theory  which  it  never  was  before.  Maxwell  pointed  out 
its  application  to  the  possible  or  probable  explanation  of  electric 
effects  by  the  influence  of  a  medium,  and  showed  that  that 
medium — ^the  medium  whose  motions  constitute  light — must 
be  ether.  Maxwell's  "  electro-magnetic  theory  of  light "  marks 
a  stage  of  enormous  importance  in  electro-magnetic  doctrine, 
and  I  cannot  doubt  but  that  in  electro-magnetic  practice  we 
shall  derive  great  benefit  from  a  pursuing  of  the  theoretical 
ideas  suggested  by  such  considerations.  In  fact,  Heavi^de's 
way  of  looking  at  the  submarine  cable  problem  is  just  one 
instance  of  how  the  highest  mathematical  power  of  working  and 
of  judging  as  to  physical  applications,  helps  on  the  doctrine,  and 
directs  it  into  a  practical  channel. 

The  telephone — one  of  the  added  subjects  of  the  Institution 
of  which  we  are  members — illustrates  very  splendidly  these 
developments  of  the  theory  of  the  transmission  of  signals  through 
the  submarine  cable.  The  telephonic  signals  have,  in  fact,  suffi- 
cient frequency  to  make  electro-magnetic  induction  very  sensibly 
influential.  The  frequencies  in  telephony  correspond  to  from 
250  periods  per  second,  up  to  two,  or  three,  or  four  times  that ; 
being  the  frequencies  involved  in  speaking  in  the  human  voice 
— tenor  and  soprano — ^and  in  the  quality  of  the  voice  as  aflfected 
by  the  over-tones.  I  say  frequencies  of  from  250  per  second  / 
to  1,000  or  1,500  periods  per  second,  are  concerned  in  the 
fundamental  notes,  and  in  the  characterising  over-tones,  of  the 
sounds  transmitted  by  the  telephone.  Now  there  seems  no 
doubt  but  that  the  clearness  of  the  telephone  through  great 
distances  is  to  a  large  degree  due  to  the  circumstance  which 
Heaviside  has  pointed  out — that  we  have  much  less  of  difference 
of  attenuation  and  difference  of  phasal  retardation,  for  different 
notes,  with  the  actual  frequencies  of  the  notes  in  sounds  trans- 
mitted through  the  telephone  wire,  and  the  practical  dimensions 
of  the  telephone  wire,  than  we  should  have  without  electro- 
magnetic induction. 
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I  cannot  speak  on  this  snbject  without  just  touching  upon  a 
question  which  I  do  not  at'  all  propose  to  enter  upon  to-night, 
and  that  is,  the  relative  efficiencies  of  iron  and  copper  as  tele- 
phonic conductors.  Information  given  to  me  by  Mr.  Bennett, 
the  engineer  of  the  National  Telephone  Oompany  in  Scotland, 
leaves  no  doubt  whatever  but  that  there  is  a  very  considerably 
greater  loss  of  clearness  in  speaking  through  an  iron  wire-^such, 
for  instance,  as  the  first  metallic  circuit  iron  wire  of  the  Post 
Office  between  Glasgow  and  Edinburgh — than  there  is  in  speak- 
ing through  the  present  copper  wire  circuit  of  the  company 
between  the  same  stations.  I  shall  say  nothing  more  of  this  just 
now.  It  is  an  exceedingly  difficult  and  complicated  subject. 
But  Heaviside's  mathematical  work,  and  Lord  Bayleigh's  experi- 
mental investigations  on  the  susceptibility  of  iron  to  very  small 
differences  of  magnetic  force — differences  of  magnetic  force  super- 
imposed on  even  a  powerful  magnetic  force  or  a  large  residual 
magnetism — put  us,  I  think,  in  a  very  hopeful  condition.  The 
subject  is  in  good  hands,  mathematical  and  practical,  and  I  think 
before  many  months  pass  over  the  Institution  of  Electrical 
Engineers,  we  may  have  an  absolutely  clear  understanding  of 
telephony  through  iron  wire  as  compared  with  telephony  through 
copper  wire. 

Leaving  all  questions  of  submarine  telegraphy,  and  of  tele- 
graphy or  telephony,  in  which— whether  from  the  greatness  of 
the  distance  through  which  the  communications  are  made,  or 
smallness  of  distance  between  insulated  conductor  and  sheath, 
or  between  the  twin  wires  when  insulated  metallic  circuit  is  used — 
the  effects  of  electrostatic  capacity  give  rise  to  sensible  difference 
of  strength  of  current  in  different  parts  along  the  length  of  the 
conductor — ^I  wish  to  call  your  attention  to  the  differences  of 
current-density  across  different  parts  of  the  cross  section,  which 
are  produced  when  alternate  currents  are  sent  through  a  wire. 
Consider  a  copper  wire,  and  a  copper  tube  surrounding  it  for 
return.  Or  consider  what  is,  after  all,  one  of  the  very  simplest 
cases — two  parallel  copper  wires.  If  the  distance  between  them 
is  a  large  multiple  of  the  diameter  of  each,  as  is  the  case  in 
practical  telegraphy  and  telephony,  the  problenf  1^^  the  same  ar 
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the  problem  of  a  single  copper  wire  in  the  centre  of  a  cylindrical 
tube  of  infinitely  conductive  metal,  and  of  radius  equal  to  the 
distance  between  the  wires.  The  distribution  of  current  within 
the  solid  conductor  depends  only  on  the  period  of  the  alternations, 
and  on  the  diameter  and  the  specific  resistance  of  the  metal ; 
and  is  quite  independent  of  the  surroundings,  provided  only  they 
be  symmetrical  all  round,  or  provided,  if  the  case  be  that  of  two 
parallel  wires,  the  distance  between  the  two  wires  be  a  large 
multiple  of  the  diameter  of  each,  so  that  the  current  in  each  is 
not  sensibly  disturbed,  by  the  influence  of  the  other,  from  being 
arranged  in  co-axial  cylindric  layers  of  equal  current-density. 
For  this  problem  the  mathematical  theory  gives  us  a  remarkably 
interesting  and  very  useful  practical  result ;  and  I  really,  in  pro- 
posing to  speak  upon  such  a  very  abstruse  and  uninteresting 
subject  as  "  Electricity,  Ether,  and  Ponderable  Matter,"  wish  to  try 
to  give  one  little  piece  of  practical  information  to-night.  It  will 
be  no  information  to  some,  but  it  may  be  information  to  others. 
The  solution,  expressed  in  a  formula,  and  a  table  of  numerical 
results  calculated  from  it,  I  hope,  will  appear  complete  in  the 
report  of  tliis  Address.  I  think  I  might  give  you  just  now  two 
or  three  of  the  numbers  that  are  rather  interesting.  Take  80 
periods  per  second  as  the  frequency  —  that  is  about  what  is 
adopted  in  the  alternate-current  system  of  distribution  for  electric 
light ;  at  all  events  in  one  great  system  I  know — the  Grosvenor 
Grallery  installation — that  is  the  fi-equency  of  the  period ;  and  I 
believe  it  is  pretty  much  the  same  generally.  Let  us  take,  then,  . 
as  an  example,  the  80  periods  per  second.  First,  consider  copper 
wire  of  1  centimetre  diameter:  the  ohmic  effective  resistance  is 
greater  than  for  steady  current  through  the  same  wire,  but  not  as 
much  as  yi^y  per  cent,  greater.  Take,  now,  copper  wire  of  1^ 
centimetres  diameter:  the  ohmic  effective  resistance  is  2^  per  cent, 
greater  than  the  resistance  for  steady  current.  Next,  take  copper 
wire  of  2  centimetres  diameter:  the  ohmic  resistance  is  8  per 
cent,  more  for  the  alternating  current  than  for  the  steady  current. 
In  round  copper  rod  of  4  centimetres  diameter,  the  ohmic  resist- 
ance is  68  per  cent,  more  for  the  80  periods  per  second  alternate 
currents  than  for  steady  currents.     In  round  copper  bar  of  10 
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centimetres  diameter,  the  ohmic  resistance  is  3*8  times  what  it 
would  be  for  the  steady  current.  In  a  solid  copper  cylinder  of ' 
100  centimetres  diameter  the  ohmic  resistance  is  35  limes  greater 
than  for  steady  currents.  From  10  centimetres  diameter  upwards 
tlie  ohmic  effective  conductance — ^that  is,  the  reciprocal  of  the 
ohmic  effective  resistance — ^increases  scarcely  more  than  as  the 
diameter  simply,  and  not  as  the  square  of  the  diameter;  The 
conductance  for  steady  currents  is  as  the  square  of  the  diameter 
all  through*  The  effective  conductance  for  alternate  currents 
follows  a  law  which  can  only  be  expressed  by  aid  of  Fourier-Bessel 
functions  till  we  get  to  very  great  diameters.  When  we  get  to 
so  great  a  diameter  that  the  shell,  or  outer  portion,  of  the  wire 
into  which  the  current  is  practically  confined,  is  moderate  or  small 
in  proportion  to  the  diameter  of  the  wire,  then,  for  diameters 
exceeding  that,  you  can  all  see  perfectly  without  calculation,  that 
the  conductance  is  in  simple  proportion  to  the  circumference,  and 
therefore  in  simple  proportion  to  the  diameter.  This  very 
imperfect  explanation  of  the  results  may  give  some  idea  which, 
I  think,  is  of  rather  an  interesting  and  important  kind,  but  the 
figures  will  speak  for  themselves.  With  quadruple  frequency,  the 
same  figures  apply  to  wires  of  half  diameter.  There  we  get  the 
telephone  problem.  Four  times  80  is  320,  which  is  among  the 
frequencies  for  telephonic  notes ;  and  for  the  320  frequency,  take 
the  figures  I  have  given,  but  with  half  the  linear  magnitudes. 
Thus,  for  instance,  for  copper  wire  of  1  centimetre  diameter, 
transmitting  musical  notes  of  320  periods  per  second,  the  ohmic 
resistance  is  8  per  cent,  greater  than  the  resistance  for  steady 
currents  ;  for  a  copper  wire  2  centimetres  diameter,  and  fre- 
quency of  musical  note  320  per  second,  the  ohmic  resistance  is 
68  per  cent,  greater  than  the  resistance  for  steady  currents ;  and 
so  on. 

Another  important  development  from  this  theory  is,  that 
there  is  much  less  importance  in  the  conductivity  of  the  metal 
for  telephonic  work  through  extreme  distances,  than  for  ordinary 
electric  work.  The  formula  and  figures  showing  the  kind  of 
relations  between  ohmic  effective  resistances  for  different  speeds 
are,  as  we  have  seen,  a  little  complicated ;  but  I  will  only  say 
VOL.  xvm.  2 
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that  ultimately  it  is  the  square  root  of  the  resistance  that  we 
have  to  deal  with  instead  of  the  simple  resistance.  Quadruple 
resistance  is  only  twice  as  bad,  speaking  roughly,  when  the 
frequency  is  so  great  as  to  cause  the  eflfect  of  the  ohmic 
resistance  to  be  very  much  greater  than  the  resistance  for  steady 
currents.  The  moral  of  this  is,  not  that  you  may  choose  wire  of 
bad  conductivity ;  on  the  contrary,  take  the  best  conductivity  you 
can  get,  whether  for  telephones  or  for  electric  light  conductors, 
but  shape  the  conductors  so  that  the  ohmic  resistance  shall  not 
be  too  much  augmented  by  the  unequal  distribution  of  the 
current. 

In  respect  to  electro-magnetic  theory.  We  have  a  very  fine 
analogy  with  viscous  fluid  motion,  which  has  been  obvious,  more 
or  less,  from  the  time  the  known  laws  of  electro-magnetic  induc- 
tion were  put  into  formulae  in  the  beautiful  manner  in  which 
Maxwell  put  them, — we  have  a  very  fine  analogy,  I  say,  with  the 
diffusion  of  laminar  motion  into  a  viscous  fluid,  and  its  analogue 
in  the  diffusion  of  heat  by  conduction  through  a  solid,  first 
pointed  out  by  Professor  Stokes.  The  actions  concerned  in  the 
distribution  of  alternating  electric  current  through  a  conductor 
such  as  copper,  and  the  distribution  of  the  motion  of  water  in 
a  viscous  fluid  disturbed  by  periodical  tangential  motions  of  its 
surface,  follow  identically  the  same  law.  Mr.  Heaviside,  referring 
to  this,  has  well  said  that  this  analogy  is  very  useful,  because  we 
can  see  the  motions  in  a  viscous  fluid,  and  understand  them,  and 
picture  them  to  our  minds,  while  it  is  much  more  difficult  to 
fancy  we  see  the  distribution  of  electric  current  in  a  wire. 
Take  now  definitively,  this  analogy  for  the  distribution  of  electric 
current  in  a  round  copper  wire  through  which  alternate  currents 
of  electricity  are  sent.  Take  a  viscous  fluid  in  a  tube,  in  place  of 
the  conductor :  move  the  tube  to  and  fro  with  a  regular 
alternating  motion — a  simple  harmonic  motion.  In  order  that 
we  may  fulfil  at  all  approximately  what  I  am  speaking  of,  the 
length  of  the  tube  must  be  very  great  in  comparison  with  the 
diameter,  and  the  place  in  which  we  consider  the  motion  of  the 
fluid  must  be  at  a  distance  of  many  diameters  from  the  ends, 
which  we    may   suppose  to  be   closed  by  frictionless  pistons, 


1889.]    ETHEB,  ELECTRIOITT.  AND  PONDERABLE  MATTER.  19 

liTnifrng  the  fluid  at  its  two  ends.  In  the  first  place,  if  the  fluid 
were  not  viscous — ^if  it  were  perfectly  liquid — ^you  might  move  the 
tube  to  and  fro,  but  the  fluid  inside  of  it  would  remain  at  rest. 
Water,  however,  would  move ;  oil  would  move ;  the  more  viscous 
the  fluid  is,  the  more  liable  it  would  be  to  experience  motion 
in  that  way.  Now  there  is  a  perfect  analogy  between  the 
alternating  motion  of  the  fluid  transmitted  inwards  from  the 
sar£ace,  and  the  distribution  of  the  electric  current  in  a  wire 
through  which  the  effect  of  the  alternating  current  machine  is 
being  conveyed. 

Another  very  interesting  analogy  in  which  exactly  the  same 
law  holds,  is  the  change  of  temperature  of  a  conducting  soUd, 
due  to  variations  of  external  temperature.  Imagine  a  column 
of  rock  or  stone  or  metal,  and,  instead  of  moving  our  tube  to 
and  fro  longitudinally,  let  the  atmosphere  surrounding  our 
column  be  periodically  varied  in  temperature :  the  law  of  the 
inwards  progress  of  changes  of  temperature,  the  law  of  the 
maximums  and  minimums  and  zeros  of  temperature,  is  identical 
with  the  law  of  the  corresponding  features  of  electric  currents 
and  of  fluid  motion.  In  each  case  we  have  a  propagation 
inwards,  with  diminishing  amplitude.  In  each  case  the  rate  of 
diminution  of  amplitude  corresponds  to  the  retardation  of  phase 
according  to  exactly  the  same  law.  I  need  not  attempt  at  this 
time  to  state  the  law — mathematicians  know  it  perfectly  well. 
Now  take  another  case.  Here  the  thermal  analogy  absolutely 
fails  us,  but  the  fluid  motion  analogy  still  holds.  Take  a  tube  of 
fluid  and  give  it  an  alternating  motion — a  periodically  varying 
motion  round  its  axis  which  gives  a  tangential  drag  to  the  fluid 
in  the  inside.  Now  you  can  all  see  that  the  inwards  penetration 
of  the  tangential  drag,  if  the  alternations  of  the  motion  be  very 
quick,  will  follow  the  same  law  for  the  to  and  fro  motion  of  the 
cylinder  and  for  the  rotatory  motion  of  the  cylinder.  The  question 
is  this,  Does  the  variation  penetrate  sensibly  to  a  large  distance 
in,  from  the  outside  or  not  ?  If,  for  example,  it  penetrates  in 
only  the  one-hundredth  of  the  radius,  then  it  is  obvious  that  we 
shall  have  sensibly  the  same  law  of  penetration  inwards  for  the 
disturbance,  whether  for  the  case  of  the  rotatory  motion  of  the- 
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cylinder  round  its  axis,  or  of  longitudinally  to  and  fro  motion. 
Exactly  the  same  thing  holds  with  reference  to  electro-magnetic 
induction.    The  one  case  of  electro-magnetic  induction  that  I 
mentioned  first  is  the  most  important,  being  the  telegraph  and 
telephone  case ;  but  another  very  interesting  case,  and  not  at  all 
without  practical  importance,  is    the   penetration  of  induced 
currents  into  a  copper  or  other  metallic  core  within  a  solenoid. 
Take  a  common  helix  or  solenoid :  send  an  alternating  current 
through  its  coil — ^you  know  what  it  does.    It  produces  magnetic 
force,  with  lines  of  force  parallel  to  the  axis,  in  the  interior  of  the 
solenoid.    But  alternating  magnetic  force,  through  the  copper, 
induces  electric  currents  in  circles  perpendicular  to  the  direction 
of  the  force.    Thus  we  hiave  currents  induced,  as  you  all  very  well 
know,  in  a  solid  metal  core  of  a  solenoid.     A  metallic  core  other 
than  iron,  is  a  subject  for  investigation  of  an  exceedingly  easy 
kind.    The  Fourier-Bessel  functions  come  in  here  just  as  they  do 
in  the   other  cases  in  which   we   are  concerned  with  circular 
cylinderjB.    If  we  have,  instead  of  copper,  an  iron  core,  we  must 
take  into  account  its  inductive  magnetisation.    This  presents  no 
mathematical  diflBculty  if  we  suppose  the  magnetic  susceptibility 
constant ;  and  the  same  law  of  amplitudes  and  phasal  retardation 
holds  as  for  copper  or  other  non-magnetic  metal.   The  difficulties, 
both  experimental  and  mathematical,  to  take  into  account,  are 
the   enormous  differences  of  the  inductive  quality  of  iron  with 
different  degrees  of  magnetisation,  and  with  reversals  of  mag- 
netisation ;  and  the  great  complications  of  the  inductive  effects 
on  account  of  the  "  magnetic  friction "  in  the  iron,  introduce 
corresponding    complications    in   the    theory    of    the    induced 
currents,  and  they  are  complications  of  a  kind  that  are  very 
formidable. 

Now  I  can  only  just  go  on  to  say  two  or  three  words  about  an 
extension  of  that  viscous  fluid  theory  that  allows  us  to  take  into 
account  all  that  goes  on  both  in  air  and  in  metal,  and  in  different 
metals,  whether  in  contact  with  one  another  or  separated  by  air. 
For  illustration,  consider  our  two  simple  cases — ^parallel  wires 
with  alternating  currents  through  them,  and  the  cylinder  rotated 
with  a  periodic  motion  of  rotation  alternately  in  opposite  direc^ 
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tions.  The  analogy  is  simply  this :  To  represent  different 
metids,  densities  of  fluid  in  simple  proportion  to  the  electric 
conductivities  must  be  taken ;  the  viscosity  must  be  the  same 
in  all.  The  representative  of  an  insulator  in  this  analogy  is  a 
massless  fluid.  By  **massless"  I  mean  devoid  of  inertia — 
perhaps  I  ought  to  say  an  "  inertialess "  fluid,  because  people 
attach  other  ideas  to  ^^  mass  "  sometimes  than  ^^  inertia,"  but  in 
the  strictest  dynamical  language  *^  mass  ^  is  taken  as  the  measure 
of  inertia.  An  inertialess  viscous  fluid  must  take  the  place  of  air 
or  other  non-conductor ;  a  viscous  fluid  of  a  certain  density,  but 
the  same  degree  of  viscosity,  must  take  the  place  of  lead.  A  fluid 
of  twelve  times  the  density  of  lead  would  take  the  place  of  copper, 
the  conductivity  of  copper  being,  say,  twelve  times  the  conduc- 
tivity of  lead. 

Time  does  not  allow  me  to  pursue  the  subject  further  in 
the  way  of  illustration  at  present,  but  I  must  return  to  the 
second  case  later  on,  because  I  am  going  to  speak  of  iron  and 
rotation. 

Now,  with  reference  to  the  electrostatic  effect,  the  hopeless— 
I  must  not  say  "  hopeless : "  that  is  too  large  a  word ;  we  are 
never  without  hope  in  science — I  was  going  to  use  another  word, 
**  despair  "—well,  I  feel  it  desperately  difficult ;  I  feel  the  prob- 
ability of  my  seeing  the  solution  of  it  is  hopeless.  To  merely 
introduce  into  the  analogy  electrostatic  efiect  is  very  simple. 
Simply  imagine  an  interface  between  the  two  fluids,  and  give  it 
such  stiffness  against  change  of  shape  as  is  required  to  cause  it  to 
fulfil  the  conditions  which  electrostatic  knowledge  and  our 
knowledge  of  the  laws  of  electric  and  electro-magnetic  influence, 
dictate  to  us.  I  say,  put  in  at  the  interface  the  requisite  normal 
force,  and  you  can  extend  the  analogy  to  include  the  complete 
problem  of  the  submarine  cable,  in  which  electro-magnetic  and 
electrostatic  induction  are  both  taken  into  account.  But  it  is 
only  by  putting  in,  and  in  an  arbitrary  manner,  a  force  at  the 
surface  to  fulfil  the  requi3ite  conditions,  that  we  can  complete 
the  analogy. 

The  analogy  I  have  just  sketched  cannot  be  considered  as 
being  in  any  respect  a  physical  analogy.     In  it  the  analogue  to 
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electric  current  is  not  velocity  of  the  fluid;  it  is  not  tlie 
molecular  rotation  of  the  fluid  ;  it  is  a  quality  derived  from 
the  simple  motion  of  the  fluid,  mathematically  by  the  operation 
known  as  the  "  laplacian  "  operation — ^the  laplacian  of  {ufiyW)  is 
the  electric  current.  Another  way  of  putting  it  is  the  rotation 
of  the  rotation  of  (^iyV,w),  or  the  spin-flow  of  the  spin-flow  of 
(UfVyW).  The  word  "curl"  was  introduced  by  Clifford  and 
Maxwell,  and  has,  I  grieve  to  say,  been  adopted  by  Mr.  Oliver 
He^viside.  It  is  the  curl  of  the  curl.  I  object  to  *'  curl,'* 
because  "  rotation "  or  "  spin  "  is  good,  and  "  curl "  is  bad  ;  I 
object  to  it  on  that  ground,  but  not  only  on  that  ground.  I 
object  to  it  also  because  it  is  connected  with  a  kind  of  mathe- 
matical symbolism  which  seems  to  me  not  desirable  and  not 
instructive,  and,  above  all,  not  convenient  for  any  practical  use 
in  mathematics.  This  "laplacian"  is  too  difficult  a  subject  to 
explain,  but  I  would  by  a  case  try  to  illustrate  it.  Take  in  the 
viscous  fluid  analogue  what  corresponds  to  the  steady  current 
in  a  wire.  Think  of  the  tube  with  viscous  fluid  and  pistons  as 
before.  At  one  end  of  the  tube  press  a  piston  in  with  a  uniform 
motion,  continued  long  enough  to  cause  the  fluid  throughout 
the  tube  to  come  to  a  state  of  steady  motion.  In  the  neighbour- 
hood of  the  piston  the  motion  is  disturbed  by  the  rigidity  of 
the  piston ;  but  go  to  a  distance  of  ten  or  twenty  diameters 
from  the  piston,  and  the  motion  of  the  fluid  takes  a  perfectly 
regular  character.  [Illustrating  on  blackboard  aa  Fig.  1], 
Suppose  that  to  be  the  inner  surface  of  the  tube.  This  dotted 
line  represents  a  portion  of  the  liquid  which  at  one  time  is 
plane.  A  little  later,  while  the  fluid  in  contact  with  the 
containing  surface  remains  unmoved,  in  the  doctrine  of  viscous 
fluid,  as  given  by  Stokes — there  is  absolutely  no  slip  at  the 
containing  surface — this  portion  of  the  fluid  which  was  plane 
becomes  the  paraboloid  of  revolution,  which  you  see  shown 
in  axial  section  in  the  diagram.  The  velocity  of  the  fluid  is 
nothing  at  the  bounding  surface,  and  it  is  a  maximum  at  the 
centre.  Well,  we  have  two  functions  derivable  from  the  con- 
sideration of  that  distribution  of  velocity.  The  first  is  the  rate 
of  shearing  of  the  fluid ;  the  second  is  the  rate  of  change  per 
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niiit-chaiige  of  distance  from  the  axis  of  the  rate  of  shearing.* 
The  rate  of  shearing  represented  graphically  is  equal  to  the 
tangent  of  the  inclination  (T  P  N)  of  this  curve  to  the 
transverse  surface,  the  tangent  of  the  inclination  of  the  curve 
being  the  angle  which  is  represented  by  the  letter  i.  Now 
the  rate  of  change  from  point  to  point  of  the  rate  of  shearing  is 
the  analogue  to  the  strength  of  the  current,  and  that  is  uniform. 
So  in  this  analogy  of  a  viscous  fluid  forced  through  a  tube,  we 
have  not  the  fluid  velocity  equal  to  the  electric  current,  but  some- 
thing else,  quite  intelligible ;  and  the  reason  for  it,  in  our  analogy, 
is  clear  enough.  But  there  is  something  interesting,  perhaps,  in 
this  idea — that  we  have  a  super-subtle  mathematical  definition  of 
electric  current  which  is  not  fluid  velocity.    Well,  now,  perhaps 


Fig.  1. 


someone  will  say,  "  Had  not  we  better  get  an  analogy  in  which  a 
"  fluid  velocity  is  equal  to  the  velocity  of  the  electric  flow  ?  "    Well, 


*  Suppose  the  parabola  in  the  drawing  to  represent  the  fluid  which  lay 
along  the  dotted  line  a  unit  of  time  earlier.  The  distance  of  P  from  the 
dotted  line  is  equal  to  the  velocity  of  the  fluid  (v)  at  the  distance  (r)  of 
P  from  the  axis.     We  have  u  ^  c  (a*^r^),  where  a  denotes  the  radius  of 

the  tube  and  c  the  fluid  velocity  along  its  axis.     We  have  — ZT''^  fi  e  r. 


which  is  the  rate  of  shearing ;  and 


dr 
»  S  c,  which  is  our  representative 


of  the  electric-current  density.    The  whole  strength  of  the  electric  current 

is  2  «•  C  a«.  •  Digitized  ., _ 
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I  do  not  say  whether  we  had  better  do  so  or  had  better  not,  but 
we  do  not,  otherwise  than  in  the  way  I  have  defined,  get  the  work- 
ing analogy ;  and  there  is  an  advantage  in  this  analogy.  It  gives 
us  a  motion  of  which  the  rotation  is  the  magnetic  force.  Mr. 
Heaviside  rather  overlooks  that.  He  objects  to  Maxwell's  vector- 
potential.  I  do  not  agree  with  him  in  his  objection.  If  he  had 
confined  the  objection  to  the  "vector"  and  the  "potential" 
("vector"  wholly  bad,  and  "potential"  bad  in  connection  with  the 
present  subject),  I  would  heartily  have  agreed  with  him,  because 
I  think  it  is  an  unhappily  chosen  name ;  but  Maxwell's  use  of  the 
thing  (which  he  unhappily  calls  "vector-potential") is  most  happy 
and  most  instructive,  as  it  seems  to  me.  Maxwell  does  not 
translate  this  into  realities  of  motion,  but  he  puts  down  in  his 
fbrmulse,  as  the  foundation  firom  which  one  step  leads  to  magnetic 
force  aud  the  next  step  to  electric  current,  something  which, 
translated  into  realities  of  motion,  gives  us  a  motion  of  which  the 
rotation  is  the  magnetic  force ;  and  here  it  seems  to  me  that  if 
we  are  ever  to  have  a  real  theory  it  must  be  founded  upon  this 
view.  The  hand  of  the  clock  warns  me  time  is  going  on  so 
rapidly  that  we  must  leave  this  analogy  absolutely  unfinished. 
Perhaps  it  is  well  to  be  obliged  to  leave  it  now,  because  the  more 
we  look  at  it  the  less  we  like  it,  if  we  wish  to  see  and  to  like  a 
true  mechanical  explanation  of  electro-magnetism.  The  work  is 
done  in  the  wrong  place.  In  the  dense  liquid,  work  is  done  and 
heat  generated  in  proportion  to  the  square  of  the  rate  of  shearing. 
In  the  electric  analogue,  the  work  is  done  and  heat  generated 
uniformly  throughout  the  conductor.  We  have  work  done  and 
heat  generated  in  the  viscous  massless  fluid  taking  the  place  of 
the  dielectric  in  our  fluid  analogue.  We  must  discredit  that 
absolutely ;  but  the  reason  for  judging  the  analogy  worth  so  much 
notice  as  even  it  has  had  to-night,  is  that  it  is  a  perfect  mathe- 
matical working  analogy,  and  an  exceedingly  useful  and  instructive 
kind  of  analogy,  and  a  very  potent  one  to  help  us  in  guessing 
out,  and  in  thinking  out,  and  estimating  results  in  practical 
problems  of  electro-magnetic  induction  in  dynamos  and  in 
alternate-current  machines,  and  in  telephones  and  in  electric 
—  instruments  of  great  varieties  of  shape  and  mutual  relations.^  - 
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But  now  there  is  another  line  of  thought  in  connection  with 
this  subject,  and  that  is  the  elastic  solid  idea.  Will  you  allow 
me  to  read  a  very  short  statement  which  was  published  in  the 
Cambridge  a/nd  DMvm  Mathematical  Jowmal  for  the  year  1847  ? 
It  is  dated  Crlasgow  University,  November  28th,  1846.  It  was 
written  after  I  had  been  twenty-eight  days  at  work  in  my 
professorship,  and  it  is  as  foUows: — ^^Mr.  Faraday,  in  the  11th 
^  series  of  his  *  Experimental  Besearches  on  Electricity,'  has  set 
^  forth  a  theory  of  electrostatical  induction  which  suggests  the 
'^  idea  that  there  may  be  a  problem  in  the  theory  of  elastic  solids 
"  corresponding  to  every  problem  connected  with  the  distribution 
^  of  electricity  on  conductors  or  with  the  forces  of  attraction  and 
**  repulsion  exercised  by  electrified  bodies.  The  clue  to  a  similar 
^^representation  of  magnetic  and  galvanic  forces  is  afforded  by 
"Mr.  Faraday's  recent  discovery  of  the  affection  with  reference  to 
^'  polarised  light,  of  transparent  solids  subjected  to  magnetic  or 
^  electro-magnetic  forces.  I  have  thus  been  led  to  find  three 
^  distinct  particular  solutions  of  the  equations  of  equilibrium  pf 
^  an  elastic  solid,  of  which  one  expresses  a  state  of  distortion,  such 
^  that  the  absolute  displacement  of  a  particle  in  any  part  of  the 
"  solid  represents  the  resultant  attraction  at  this  point  produced 
^  by  an  electrified  body.  Another  gives  a  state  of  the  solid  in 
"  which  each  element  has  a  certain  resultant  angular  displacement, 
''  representing  in  magnitude  and  direction  the  force  at  this  point 
^  prodnced  b^  a  magnetic  body ;  and  the  third  represents  in  a 
**  similar  manner  the  forces  produced  by  any  portion  of  a  galvanic 
**  wire ;  the  directions  of  the  force  in  the  latter  cases  being  given 
^by  the  axes  of  the  resultant  rotations  impressed  upon  the 
'^  elements  of  the  solid."  Then  come  the  mathematics,  in  three 
pages,  and  then  comes  the  last  sentence :  ^^  I  should  exceed  my 
*^  present  limits  were  I  to  enter  into  a  special  examination  of  the 
•*  states  of  a  solid  body  representing  various  problems  in  elec- 
"  tricity,  magnetism,  and  galvanism,  which  must,  therefore,  be 
^'  reserved  for  a  future  paper."  As  to  this  last  sentence,  I  can 
say  now,  what  I  said  forty-two  yeaA  ago—"  must  be  reserved  for  a 
^futwre  paper  !^  I  may  add  that  I  have  been  considering  the 
flobject  for  forty-two  years— night  and  day  for  forty-two  years. 
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I  do  not  mean  all  of  every  day  and  all  of  every  night ;  I  do  not 
mean  some  of  each  day  and  some  of  each  night ;  but  the  subject  has 
been  on  my  mind  all  these  years.  I  have  been  trying,  many  days 
and  many  nights,  to  find  an  explanation,  but  have  not  found  it. 

Let  there  be  an  elastic  solid  body  of  exceedingly  small  density, 
and  let  there  be  a  tubular  portion  of  it  porous,  but  with  the  same 
aggregate  rigidity  as  that  of  the  continuous  elastic  matter  around 
it.  Let  the  pores  be  filled  with  a  dense  viscous  fluid,  and  let  this 
fluid  be  forced,  by  aid  of  a  piston  or  otherwise,  to  move  through 
the  tube.  The  pull  of  the  fluid  upon  the  porous  solid  will  produce 
static  rotational  displacement  exactly  proportional  to  the  continued 
rotatory  motion  which  we  had  in  the  case  of  the  viscous  fluid. 
Some  of  the  most  interesting  practical  problems  of  electro- 
magnetic induction  can  be  dynamically  realised,  as  it  were,  in 
model,  by  following  out  this  idea ;  in  fact,  if  we  had  nothing  bat 
electricity  and  ether,  the  thing  would  be  done.  If  it  were  not 
for  the  gross  ponderable  matter  that  we  are  forced  to  consider, 
I  should  be  perfectly  satisfied  with  the  problem  of  electro-magnetic 
induction,  by  taking  the  electricity  as  a  viscous  fluid,  and  ether  an 
elastic  solid,  porous  in  some  places,  and  continuous  or  non-porous 
elsewhere. 


Fig.  3. 


Fio.  2. 


Now,  if  you  will  pardon  me,  though  it  is  very  late  for  intro- 
ducing another  topic  on  which  to  speak — I  shall  confine  myself 
to  one,  and  that  is  magnetism.  I  must  return  to  the  rotational 
case.     Lnagine  this  (Fig.  2  or  Fig.  3)  to  be  the  section  of  an 
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ordinary  helix  or  solenoid  with  a  solid  copper  core.  Imagine  a 
continuous  electric  current  (Fig.  2)  or  an  alternating  electric 
current  (Fig.  3)  of  electricity  sent  through  it.  Whatever  the 
current  of  electricity  may  be,  I  believe  this  is  a  reality :  it  does 
puU  the  ether  round  within  the  solenoid.  I  do  not  think  this  is 
a  dream  of  electro-magnetic  theory ;  I  believe  it  to  be  a  reality. 
Whatever  ether  is,  we  move  through  it — the  earth  moves  through 
it.  Astronomers  and  opticians  do  not  cry  out  and  make  their 
lives  miserable  because  of  the  aberration  of  light.  Fresnel  and 
Professor  Stokes  have  done  all  that  man,  up  to  the  9th  of 
January,  1889,  has  been  able  to  do  to  explain  the  dynamics  of 
the  aberration  of  light.  It  may  be  not  beyond  man's  range  to 
complete  the  solution — how  the  earth  can  tear  through  this 
elastic  solid  ether  and  yet  the  waves  of  light  be  propagated 
through  it  as  they  are.  The  aberration  of  light  is  still  an 
absolute  mystery.  Yet  people  who  deal  with  optics  and 
astronomy  are  not  expected  to  be  miserable  for  life  because 
they  have  that  difficulty  ever  before  them.  Well,  are  we  to  be 
absolutely  unhappy  because,  while  we  see  a  mobile  wire  caused, 
in  virtue  of  an  electric  current  through  it,  to  move  by  electro- 
magnetic force,  we  cannot  see  any  possibility  of  explaining  how 
a  medium  capable  of  the  ^^ magnetic  stress"  can  allow  it  to 
move?  After  all,  great  as  the  mystery  there  is,  there  is  a 
mystery  greater  than  that.  The  act  of  free-will  with  reference 
to  the  laws  of  matter  is  a  greater  mystery  than  anything  that  has 
ever  been  suggested  or  imagined  in  the  dynamics  of  ether,  and 
electro-magnetism,  and  light.  Somehow  or  other,  however  it  is, 
the  ether  is  pulled  round,  the  ether  does  get  a  turning  motion  in 
the  interior  of  a  solenoid;  somehow  or  other  it  does  give  a 
turning  motion  to  ether  within  our  supposed  copper  core ;  and 
somehow  or  other  there  is  a  motion  following  these  very  laws 
we  have  been  speaking  of,  and  illustrated  by  the  viscous  fluid 
analogy. 

But  now  for  the  iron.  And  now,  instead  of  an  alternating 
current  through  the  helix,  take  a  constant  current  through  it. 
What  can  it  do?  One  thing  or  the  other  it  does:  either  a 
constant  current  through  this  helix  drags  the  ether  round  anu 
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round  inside,  or  it  drags  it  round  to  a  certain  angle  proportionate 
to  the  strength  of  the  electric  current,  and  brings  it  to  static 
equilibrium  so  turned.  It  does  either  one  or  other  of  those 
things.  Now,  how  on  earth  can  iron  differ,  in  the  principle  of  the 
interfacial  law,  from  copper  ?  Our  inter&cial  law  depending  on. 
equal  viscosities  is  quite  clear,  but  when  you  introduce  iron  you 
introduce  an  interfetcial  difference  depending  on  rotation,  without 
anything  that  could  possibly  be  a  cause  of  any  viscous  action,  or 
a  cause  of  any  elastic  action.  Elastic  action  (unless  of  com- 
pression or  rare£siction,  and  these  are  not  of  our  present  subject) 
requires  distortion.  You  have  no  elasticity  of  an  incompressible 
elastic  solid  without  distortion.  Now  if,  by  applying  a  tangential 
force  all  round  the  space  within  a  cylinder,  you  keep  turning  the 
circumference,  you  will  keep  turning  the  contents.  Ultimately 
the  whole  fluid  within  will  go  round  with  the  same  angular 
velocity  as  the  circumference  of  the  viscous  fluid  within  it. 
Thus  our  viscous  fluid  analogue  works  out  perfectly  well  for  the 
magnetic  force  within  a  solenoid  having  any  non-magnetic  material 
within  it,  and  illustrates  the  feet  that  it  is  the  same  for  con- 
ducting and  non-conducting  matter.  But  with  iron  the  case  is 
something  quite  different.  Our  viscous  fluid  analogue  is  called 
on  to  give  us  a  greater  permanent  angular  velocity,  or  a  greater 
static  rotational  displacement,  in  the  space  occupied  by  iron  in 
the  magnetic  analogue,  than  in  this  surrounding  space !  Thus 
the  primary  phenomenon  of  the  magnetisation  of  a  bar  of  iron 
within  a  helix,  absolutely  leaves  us  behind,  cuts  the  ground  from 
under  us,  both  as  to  our  viscous  fluid  analogy  and  our  elastic 
solid  analogy.  If  it  is  to  be  a  fluid  going  round  and  round,  we 
must  have  an  action  between  the  portions  of  fluid  on  the  two 
sides  of  the  interface,  depending,  not  on  distortion,  but  on 
rotation.  Or  if  we  take  our  elastic  solid  analogue,  we  must  have 
static  equilibrium  of  the  elastic  cylinder,  with  the  inner  part 
turned  through  a  greater  angle  than  the  rotational  part  of  the 
displacement  of  the  surrounding  matter.  An  irrotational  circular 
displacement  subtracted  from  this,  procures  fulfilment  of  the 
no  slip  condition  at  the  interface.  The  distortion  due  to  this 
irrotational  displacement  gives  rise  to  a  torque,  tending  to  turn 
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the  matter  within  the  interface!  Hence  we  must  have  an 
arrangement  of  matter  in  which  a  constant  torque  produces  a 
constant  angular  displacement  in  a  body,  and  does  not  produce 
continued  rotation.  The  only  thing  that  can  do  that  is  an 
inherent  rotation  existing  in  the  molecules  of  matter.  This 
seems  the  only  thing  that  can  do  it,  and  this  can  do  it  certainly. 
Bat  consider  this — ^that  the  gyrostat  shows  us  the  thing  done ; 
and  I  will  just  conclude,  if  you  will  allow  me,  by  a  simple 
gyrostatic  experiment — a  very  well  known  old  gyrostatic  experi- 
ment— and  I  want  to  accentuate  the  application  of  it. 

I  am  going  to  show  by  this  illustration,  with  reference  to  the 
idea  of  a  medium,  a  medium  which  has  the  properties  of  an 
incompressible  fluid,  and  no  rigidity  except  what  is  given  to  it 
gyrostatically.  Here  is,  so  to  speak,  a  molecular  skeleton  that 
can  give  us  such  a  fluid — a  set  of  rigid  squares  with  their 
neighbouring  comers  joined  by  endless  flexible  inextensible 
threads,  running  irictionlessly  through  holes  in  the  comers,  or 
round  pulleys  mounted  in  the  comers  (Fig.  4).     Here  is  a  model 
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Fig.  4. 


thus  constructed"— sixteen  rigid  squares  and  nine  endless  cord 
segments  connecting  the  comers  in  this  pattem,  forming  a  kind, 
of  web.    Now,  if  we  take  an  ordinary  cloth  web,  and  pull  it  in 
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different  directions:  in  the  direction  of  the  warp  and  the  direction 
of  the  woof^  jou  cannot  stretch  it ;  but  at  45  degrees  from  the 
warp  and  woof  you  can  stretch  it  very  freely.  We  all  understand 
that.  You  know  how  the  surgeons  take  advantage  of  it  in  their 
diagonally  cut  bandages.  Now  here  is  a  web  which  is  equally 
easily  stretchable  in  all  directions,  and  yet  which  is  of  constant 
area — ^a  constant  area  for  infinitesimal  displacements,  not  a  con- 
stant area  for  very  great  displacements.  The  circumference  of 
each  rigid  and  of  each  flexible  square  is  given.  Well,  now,  if  you 
infinitesimally  alter  the  square  into  a  not-square  rectangle,  or  into 
a  rhombus,  the  area  remains  sensibly  unchanged.  The  first  change 
of  the  area  is  a  diminution  in  whatever  direction  you  stretch  it ; 
but  that  is  proportional  to  the  square  of  the  strain,  so  that  you 
may  say,  in  language  of  infinitesimals,  the  area  is  unchanged. 
The  constancy  of  the  periphery,  then,  of  each  of  these  figures 
gives  rise  to  and  entails  the  condition  of  an  approximate  constancy 
of  the  area.  Here,  then,  we  have  in  this  skeleton  a  two- 
dimensional  working  model  of  a  medium  which  is  unchangeable 


Fig.  5. 

in  area,  but  is  freely  extensible  in  any  direction,  provided  you 
allow  it  to  shrink  proportionately  in  the  perpendicular  direction. 
Well,  now,  let  us  put  a  gyrostat .  into  each  of  those  squares 
(Fig.  5),  and  you  have  all  that  is  wanted  to  fulfil  the  strange — . 
almost  inconceivable — condition  for  a  dynamical  model  of  electro- 
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magnetic  indnction  in  iron  which  I  have  put  before  you.  I  will 
just  make  an  experiment  illustrating  that,  if  it  is  not  occupying 
too  much  time,  [8vr  WiUiam  Thomson  then  spun  the  gyrostat.'] 
I  turn  azimuthally  the  square  frame  by  which  I  hold  it — first  in 
one  direction,  and  the  red  end  of  the  bearing  of  the  axle  of  the 
fly-wheel  turns  up ;  I  turn  the  other  way,  and  up  comes  the  blue 
end.  The  gyrostat  is  mounted  in  a  square  frame,  as  you  see, 
which  I  hold  in  my  hand.  The  rigid  case  bearing  the  axle  of  the 
fly-wheel  is,  as  you  see,  free  to  turn  round  the  axis  of  these 
trunnions,  mounted  horizontally  on  bearings  in  opposite  sides  of 
the  square  frame  which  I  hold  in  my  hand.  The  axis  of  these 
trunnions  is  perpendicular  to  the  axis  of  the  fly-wheel.  I  shall 
walk  round  and  round  to  right,  to  keep  the  red  side  up  ;  I  walk 
round  to  the  left,  and  it  keeps  the  blue  side  up.  It  is  rather  a 
curious  thing.  There  are  three  little  objects  on  a  tray,  as  it  were. 
Imagine  this  to  be  a  butler's  tray,  with  wine-glasses  on  it 
represented  by  these  india-rubber  corks.  As  long  as  I  turn  ever 
so  little  to  my  left  all  goes  well ;  if  I  go  straight  forward,  it  is 
doubtful ;  but  if  I  turn  by  an  infinitesimal  angle  to  my  right, 
over  it  goes  and  everything  &lls  off  it. 

Look,  now,  at  the  gyrostat  resting  in  this  position  on  its  trun- 
nions, the  axes  of  the  trunnions  and  of  the  fly-wheel  being  both 
at  present  horizontal.  The  outer  square  frame  seems  immovable 
in  azimuth.  When  I  apply  a  couple  tending  to  move  it  in  azimuth 
it  does  not  move.  It  does  not  move  in  azimuth  till  the  gyrostat 
turns  round  its  trunnion  axis  and  brings  its  fly-wheel  axis  to  be 
perpendicular  to  the  plane  in  which  I  am  trying  to  turn  the 
square  frame.  And  I  must  apply  a  couple  whose  time-integral  is 
equal  to  double  the  moment  of  momentum  of  the  fly-wheel,  before 
I  can  get  the  gyrostat  from  the  position  with  the  blue  end  up,  to 
the  position  with  the  red  end  up.  Before  I  succeed  in  turning 
the  square  frame  even  a  degree  in  azimuth  I  must  have  applied  a 
torque  whose  time-integral  is  equal  to  twice  the  moment  of  the 
momentum  of  the  fly-wheel. 

This  closed  brass   case,  with  a  rapidly  rotating  fly-wheel 
mounted  on  bearings  inside  it,  is  called  a  gyrostat  because  i 
virtue  of  rotation  it  stands,  however  you  ]Dlace  it,  with  any 
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edges  resting  on  a  hard,  smooth  table.  Yoa  see,  place  it  as  I 
will,  it  cannot  fall.  If  I  place  it  with  its  centre  pf  gravity  above 
the  supporting  point,  it  stands  at  rest.  With  its  centre  of  gravity 
ncft  vertically  over  the  bearing  point,  it  goes  ronnd  in  admnth,, 
but  it  does  fvoifail. 

Now  imagine  mounted  in  each  one  of  the  rigid  squares  of  this 
web  a  gyrostat  exactly  as  this  one  is  in  the  square  frame  which  I 
hold  in  my  hand.  If  the  fly-wheel  speed  be  gfeat  enough,  each 
of  those  rigid  squares  is  practically  inmiovable  in  azimuth.  I  do 
not  say  it  is  immovable,  but  I  say  you  may  make  it  practically 
immovable  by  making  the  velocity  of  the  fly-wheel  sufficiently 
great. 

Thus  we  have  a  skeleton  model  of  a  special  elastic  solid  with 
a  structure  essentially  involving  a  gyrostatic  contribution  to 
rigidity.  Now  do  not  imagine  that  a  structure  of  this  kind,  gross 
as  it  is,  is  necessarily  uninstructive.  Look  at  the  structures  of 
living  things ;  think  of  all  we  have  to  explain  in  electricity  and 
magnetism ;  and  allow,  at  least,  that  there  must  be  some  kind  of 
structure  in  the  ultimate  molecules  of  conductors,  non-conductors, 
magnetic  bodies,  and  non-magnetic  bodies,  by  which  their  wonder- 
ful properties  now  known  to  us,  but  not  explained,  are  to  be 
explained.  We  cannot  suppose  all  dead  matter  to  be  without 
form  and  void,  and  without  any  structure;  its  molecules  must 
have  some  shape ;  they  must  have  some  relation  to  one  another. 

So  that  I  do  not  admit  that  it  is  merely  playing  at  theory, 
but  it  is  helping  our  minds  to  think  of  possibilities,  if  by  a  model, 
however  rough  and  unpractical,  we  show  that  a  structure  can  be 
produced  which  is  an  incompressible  frictiouless  liquid  when  no 
gyrostatic  arrangement  is  in  it,  and  which  acquires  a  peculiar 
rotational  elasticity  or  rigidity  as  the  effect  of  introducing  the 
gyrostats  into  these  squares.  Imagine  a  corresponding  model  in 
three  dimensions,  with  rigid  cubes  instead  of  the  rigid  squares 
which  you  see  in  the  model  before  you.  Instead  of  the  endless 
flexible  cords  which  you  see,  you  may  imagine  elastic  threads 
stretched  between  neighbouring  comers  of  the  cubes.  In  each 
cube  mount  three  gyrostats,  with  their  trunnion  axes  perpendi- 
cular to  the  three  pairs  of  its  fiEices.    The  gyrostatic  domination 
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thus  provided,  causes  the  cubes  to  be  practically  immovable  in 
rotation,  but  leaves  them  perfectly  free  to  take  translatory  motion. 
There  you  have  a  body,  then,  that  you  could  not  distinguish  from 
an  ordinary  elastic  solid  in  respect  to  any  irrotational  distortion, 
or  in  respect  to  translational  motion  of  the  whole,  but  which  if 
you  try  to  turn  it,  will  not  absolutely  resist,  but  will  only  admit 
of  turning  by  stretchings  of  the  connecting  elastic  bands.  It  will 
not  be  immovable  in  respect  of  the  turning,  but  it  will  be  balanced 
by  a  constant  couple  with  a  constant  degree  of  rotatory  displace- 
ment. Thus  upon  this  solid,  the  eflfect  of  a  constant  couple  is 
not  to  produce  continued  rotation,  but  to  produce  and  balance  a 
constant  displacement ;  and  that  balance  might  last  for  any  time, 
however  long,  if  the  rotational  moment  of  momentum  of  the  fly- 
wheels is  but  great  enough. 

Now,  lastly,  I  should  just  explain  briefly  that  the  rotational 
contribution  to  rigidity  of  ether  in  iron  must  be  enormously  less 
than  in  copper  or  in  air.  The  total  effective  rigidity  of  the  ether 
due  to  elastic  action  and  gyrostatic  eff'ect  in  all  non-magnetic 
bodies  is  the  same.  In  iron  there  is  less  gyrostatic  contribution, 
with  equal  elastic  contribution,  to  the  total  rigidity.  These 
conditions  fulfil  exactly  what  we  want  for  the  relation  of  ether 
between  air  and  iron  inside  the  helix  of  an  electro-magnet.  But, 
alas !  we  are  only  led  on  to  inscrutable  difficulties.  How  much 
does  our  elastic  solid  go  towards  the  explanation,  when  in  the  very 
fundamental  fact  of  the  mutual  motions  by  which  electro- 
magnetic forces  are  made  manifest  to  us,  we  have  a  force  as  of 
a  strained  solid  between  the  bodies  (magnets  or  wires)  whose 
motions  revealed  to  (Ersted  and  Ampere  the  existence  of  electro- 
magnetic force?  Why  is  it  that  those  strains  do  not  simply 
balance  themselves  in  the  solids?  How  can  there  be  a  solid 
capable  of  giving  rise  to  that  wonderful  condition  which  we  have 
in  the  air  between  the  poles  of  an  electro-magnet — for  instance, 
such  that  a  piece  of  copper  will  fall  down  through  it  at  the  rate 
of,  perhaps,  a  quarter  of  a  centimetre  per  second  ?  Look  on  the 
subject  as  engineers,  and  think  of  the  '^  strength  of  materials  " 
wanted  for  ether  in  air,  with  the  molecules  of  the  air  itself 
tearing  through  it  in  all  directions  at  speeds  averaging  500  metres  . 
VOL.  xvin.  3 
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per  second,  or  more  or  less  according  to  temperature.  Think  of 
the  forces,  amounting  to  110  kilogrammes  weight  per  squaxe 
centimetre,  with  which  two  bars  of  iron  magnetised  to  1,700 
C.Gr.S.,  with  fiioes  separated  by  a  thin  space  of  air,  and  with 
Swing's  46,000  C.G-.S.  of  magnetic  force  in  the  air  around  the 
bars,  are  urged  towards  one  another.  How  can  it  be  that  these 
I»t)digious  forces  are  developed  in  ether,  an  elastic  solid,  and  yet 
ponderable  bodies  be  perfectly  free  to  move  through  that  solid  ? 
Now  I  simply  say,  all  that  has  been  done  to  think  out  this 
subject  merely  gives  us  a  dynamical  theory  on  one  part  of  it.  I 
have  absolutely — ^not  ignored,  because  I  have  spoken  of  it  two  or 
three  times — but  I  have  left  out  in  the  cold,  the  electrostatic  part, 
the  thing  we  knew  first.  Our  first  love  was  electrostatics.  That 
is  absolutely  left  out  in  the  cold  ;  we  do  not  touch  it.  We  do  not 
get  near  to  explaining  the  mutual  force  between  two  electrified 
bodies,  in  any  of  these  illustrations  or  attempted  explanations  ; 
we  do  not  even  get  near  the  mutual  attraction  between  the  iron 
of  an  electro-magnet,  or  the  steel  of  a  permanent  magnet,  and  its 
armature  or  keeper ;  we  do  not  get  near  to  explaining  the 
possibility  of  the  motions  of  the  bodies  that  demonstrate  the 
forces.  We  only  try  to  explain  for  a  quiescent  system  of  con- 
ductors and  insulators,  the  variable  distributions  of  electric 
currents  which  from  mathematical  theory  and  experimental 
observation  we  know  to  exist. 

And  here,  I  am  afraid,  I  must  end  by  saying  that  the  diffi- 
culties are  so  great  in  the  way  of  forming  anything  like  a  compre- 
hensive theory,  that  we  cannot  even  imagine  a  finger-post  pointing 
to  a  way  that  can  lead  us  towards  the  explanation.  That  is  not 
putting  it  too  strongly.  I  only  say  we  cannot  now  imagine  it. 
But  this  time  next  year, — this  time  ten  years, — ^this  time  one 
hundred  years,  probably, — it  will  be  just  as  easy,  as  we  think  it  is 
to  understand  that  glass  of  water,  which  seems  now  so  plain  and 
simple.  I  cannot  doubt  but  that  these  things,  which  now  seem 
to  us  BO  mysterious,  will  be  no  mysteries  at  all ;  that  the  scales 
will  fidl  from  our  eyes ;  that  we  shall  learn  to  look  on  things  in 
a  different  way— when  that  which  is  now  a  difficulty  will  be  the 
only  common-sense  and  intelligible  way  of  looking  at  the  subject. 
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I  ask  yon  to  paidon  me  for  leading  yon  np  to  so  impotent  a 
oonclnsion  as  that  we  really  know  nothing  below  the  surface  of 
this  grand  snbject  which  constitutes  the  province  of  the  Insti- 
tution of  Electrical  Engineers. 


APPENDIX. 

AUemate  Currents  through  a  Straight  Gond/actor  of  BouTid,  or 
Sod  ofy  Novr-Magnetic  Material. 

Let  a  denote  the  specific  resistance  in  square  centimetres  per 
second  (or  the  "  specific  resistance  C.G.S.") ; 
a        „      the  radius  of  the  wire ; 
^  (S)    n      the  value  of  <r  i  -*-  tt  a*  [or  the  resistance  (in 
centimetres  per  second)  of  any  length  (I)  of 
the  wire,  with  steady  current  through  it]  ; 
B  (N)    y,     the   effective    ohmic  resistance   of   the    same 
length  (l\  with  alternate  current  of  N  periods 
per  second  through  it. 
c  (N)    „      the  current-density  at  distance  r  from  the  axis, 

and  at  time  t. 
C  (N)    „      the  current-density  in  the  axis  at  time  t 
We  have  c  (N)  =  C  (N)  (ber  q  cos.  ^  —  bei  j  gin.  0\ 

where  q   denotes   \2'7r^ — jr; 

e        „         (2  7rN)«; 
„      ber  and  bei  denote  two  functions  defined  as  follows : — 

And  if  J9  denote  the  value  of  g,  with  r  =  a,  we  have 
R(N)  _  ,     ber  p  heV  p  —  bei  p  ber^  p 
R^S)  ■"  *  P       (ber'  pf  +  (bei'  pf      ' 

where  the  accents  denote  differential  coefficients. 

The  following  table  of  numerical  results  has  been  calculated 

for  me  by  Mr.  Magnus  Maclean,  official  assistant  to  the  Professor 

of  Natural  Philosophy  in  the  University  of  Glasgow  v ^  - 
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For  copper  we  have  <r  =  1,610  square  centimetres  per  second. 
Hence,  with  N  =  80  we- find 

q  =  1-98  r  =  2r. 
Thus  in  respect  to  the  ohmic  resistance  of  the  whole  wire,  we  may 
for  copper  take  the  column  headed  q  as  the  diameter  of  the  wire, 
and  in  respect  to  the  distribution  of  the  current  through  the  wire 
(expressed  by  the  ber  bei  formula  above)  we  may  take  q  the 
diameter  of  the  cylindric  shell  in  which  the  current-density  is  to 
be  calculated. 

Professor  G-.  Forbes  :  I  have  an  extremely  pleasing  duty  to  Pzofeseor 
perform  in  rising  to  propose — "That  a  hearty  vote  of  thanks  be 
**  given  to  our  President  for  the  admirable,  instructive,  and  highly 
'^  interesting  Address  which  he  has  given  to  us,  and  that  he  be 
"  asked  to  permit  of  its  publication  in  the  Journal  of  the  Institu- 
"  tion."  I  think  everyone  will  agree  with  me  when  I  say  that  we 
have  this  evening  had  one  of  those  treats  which  it  rarely  comes  to 
us  to  enjoy — to  hear  an  exposition  from  a  man  of  Sir  William 
Thomson's  experience  and  position,  unfolding  to  us  the  result 
of  the  labours  of  his  life,  putting  before  us  not  only  his  personal 
recollections  in  connection  with  the  advance  of  the  science  in 
which  we  are  all  so  much  interested,  and  the  recollections  of 
others  who  have  worked  with  him,  but  also  giving,  as  the  result 
of  this,  advice  to  the  younger  members  of  the  profession  and 
others  as  to  what  subjects  to  pursue,  and  so  forth.  With  the 
advancement  and  development  of  our  science  Sir  WiUiam 
Thomson  has  been  so  intimately  connected,  that  all  of  us  feel 
that  we  are  being  more  closely  brought  inte  contact  with  its  past 
history  when  it  is  dwelt  upon  by  him  in  such  an  Address  as  he 
has  just  given  te  us.  But  I  think  everyone  will  agree  that  what 
we  have  te  thank  him  for  mostly,  is  the  manner  in  which  he  has 
inspired  us  with  some  of  the  enthusiasm  which  he  himself 
possesses  in  investigating  the  deeper  problems  of  electrical 
science,  and  the  interest  which  he  has  m€ule  every  one  of  us 
feel  in  trying  to  understand  those  brilliant  analogies  between 
physical  phenomena  which  are  tolerably  comprehensible  and 
electrical  phenomena  which  arejrather  obscure  to  us.    I  believe 
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•Jjjtoiisor  I  am  th6  only  member  present  who  h€wl  the  feKcity  of  attending 
the  three  weeks'  course  of  lectures  which  Sir  William  Thomson 
delivered  at  Baltimore  on  the  undulatory  theory  of  light,  and  I 
can  give  you  some  conception  of  the  feeling  of  those  who  were 
fortunate  enough  to  attend  those  lectures,  when  I  say  that  for 
three  weeks  we  had  an  uninterrupted  exposition  of  a  similar 
mode  of  treating  the  subject  as  we  have  had  this  evening ;  and 
it  is  a  thing  so  rare  that  I  feel  everyone  will  have  appreciated 
the  treat  which  we  have  h€ul  in  listening  to  the  Address  this 
evening.  Among  the  audience  this  evening  there  are  some  very 
young  members  —  some  who  have  but  little  knowledge  of 
mathematics — and  there  are  also  present  among  us  the  greatest 
mathematicians  of  the  country,  and  yet  I  venture  to  say  that 
there  is  not  one,  in  the  long  range  of  abilities  included  by  the 
audience,  who  has  not  learnt  a  great  deal,  and  had  a  great  deal  of 
new  light  thrown  upon  the  subject,  in  the  course  of  this  evening; 
and  I  am  quite  sure  that  those  who  have  not  hitherto  appreciated 
the  benefits  of  mathematical  investigation  into  the  theory  of  such 
phenomena  will  be  able  to  see  from  this  Address  the  way  in 
which  a  mathematician  can,  by  trying  to  get  deep  into  the  sources 
of  things,  be  able  eventually  to  actually  apply  such  knowledge  to 
practical  phenomena.  I  remember  very  well  in  1874,  just  after 
the  appearance  of  Clerk-Maxwell's  book,  Professor  Tait — who  took, 
perhaps,  a  too  sanguine  view  of  the  work — considered,  in  fact,  that 
it  settled  the  whole  question  as  to  what  electricity  was — ^Professor 
Tait  said :  "  Some  twenty-five  years  ago  Sir  William  Thomson 
"  said  to  me,  *  If  you  will  tell  me  what  electricity  is,  I  will  tell 
"  *  you  everything  else ; '  and,"  continued  Professor  Tait,  "  Clerk- 
"  Maxwell  has  given  us  this  information ;  we  must  now  apply  to 
**  Thomson  for  the  rest."  This  evening  we  have  been  listening  to 
Sir  William  Thomson  in  his  attempts  to  explain,  so  far  as  it  is 
possible  at  present,  what  electricity  is,  and  what  everything  else 
is  too.  I  feel  quite  sure  that  the  vote  of  thanks  which  I  am 
proposing  will  be  most  heartily  agreed  to,  and  that  everyone 
in  this  room  feels,  as  I  do,  that  we  have  been  listening  to  an 
Address  of  a  quality  which  it  is  almost  impossible  to  expect  that 
we  can  ever  listen  to  again.     We  must,  however,  also  thank 
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Sir  William  Thomson  for  having  come  this  long  journey  fromPw^eww 
Glasgow  especially  to  give  us  this  Address,  and  to  have  taken 
the  trouble  and  submitted  to  the  fatigue  of  travelling  all  night 
for  our  edification.  But  it  is  not  surprising  that  he  should  have 
taken  this  labour  upon  himself  when  during  the  hour  he  has 
occupied  in  delivering  to  us  his  Address  he  has  been  trying  to 
compress  the  subject  which  he  has  been  working  out,  almost 
continuously,  night  and  day,  for  forty-two  years.  I  beg  to  move 
the  resolution  which  I  have  already  read  out. 

Professor  W,  E.  Ayrton:  It  is  my  good  fortune — ^for  I^^SS!' 
feel  it  to  be  a  good  fortune — ^to  be  asked  to  second  this  vote  of 
thanks,  which  I  am  sure  you  will  all  accord  with  the  greatest 
enthusiasm,  to  our  new  President.  Within  the  last  few  months 
we  have  had  the  inestimable  privilege  of  hearing  our  new 
President— of  seeing  our  new  President,  I  may  say — in  this  room 
in  two  totally  different  capacities.  A  few  months  ago  it  was  as 
an  electrical  engineer  that  he  showed  and  described  to  us  his 
most  beautiful  measuring  instruments ;  to-night  it  is  in  a  totally  • 
different  capacity — as  a  theoretical  electrician — that  he  has 
charmed  us  for  so  long  a  time ;  and  it  is  due  to  the  marvellous 
power  that  he  possesses  of  combining  theory  with  practice  that 
he  has  been  enabled  to  accomplish  the  work  that  he  has  already 
done,  and  which  we  all  hope  he  will  live  for  a  long  time  to 
continue  carrying  on.  We  have  in  this  country  many  eminent 
engineers ;  we  have  also  many  competent  mathematicians ;  but  I 
venture  to  think  that  we  have  only  one  who  can  combine,  in  the 
marvellous  way  that  our  President  has  combined,  theory  with 
practice;  in  fiwt,  I  may  shortly  say  that  we  have  but  one 
Thomson.  On  the  previous  occasion,  when  as  an  electrical 
engineer  he  was  addressing  us,  he  pointed  out  how  important  it 
was  to  study  theory.  To-night  as  an  electrican  he  commenced, 
with  the  difiGidence  that  has  marked  all  his  work,  by  telling  us 
that  if  we  only  first  became  competent  engineers,  the  additional 
knowledge  of  electricity  that  was .  necessary  could  be  acquired  in 
a  few  months ;  and  I  am  sure  this  thought  will  be  a  consolation 
for  all  engineers  here  to-night  to  sleep  on — that  if  they  only 
come  into  this  room  well  armed  with  engineering  knowledge,  all 
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A^riS?'  ^^^^  purely  electrical  science  they  will  be  able  to  grasp  in  a  few 
months.  I  say  it  is  a  consolation,  and  I  should  be  very  sorry  to 
remove  that  consolation  from  them.  At  the  same  time  I  cannot 
but  fear  that  this  previous  knowledge  of  engineering,  if  it  were 
sufficiently  complete  to  satisfy  Sir  William,  would  be  something 
80  vast  and  so  comprehensive  in  its  character  as  to  appal  the 
ordinary  practical  man. 

You  all  know  what  a  deep  debt  of  gratitude  is  owed  by 
electrical  engineers,  and  indeed  I  may  say  by  the  whole  world, 
to  the  wonderful  mathematical  investigations  that  our  President' 
has  to-night  so  lightly  touched  on — that  investigation  which  made 
submarine  telegraphy  commerci£^lly  possible.  How  Sir  William's 
pianoforte  wire  has  sounded  the  deep  sea — the  ocean  I  mean,  of 
course,  not  the  musical  note — is  quite  familiar  to  you  all ;  and 
how  his  ship's  compass  has  guided  vessels  to  their  journey's  end 
is  well  known  to  all  the  world.  Well,  now,  I  daresay,  on  some 
occasions  ships  have  started  from  a  port  armed  with  his  compass — 
•  have  started  on  voyages  of  exploration — not  perhaps  quite  know- 
ing where  they  were  going,  or  what  they  would  find  ;  and  I 
think  to-night  he  has  supplied  us  with  another  compass — a 
mental  compass — and  started  us  all  on  a  voyage  of  exploration  ; 
and  because  he  cannot  tell  us  what  is  the  country  that  we  shall 
arrive  at,  it  may  be  fifty  or  a  hundred  years  hence,  it  does  not 
make  the  compass  that  he  has  provided  us  with — that  mental 
compass — the  less  valuable,  or  diminish  our  unbounded  feeling 
of  gratitude  for  its  gift. 

The  motion  was  carried  by  acclamation. 

^aidant.  '^^  PRESIDENT :  Gentlemen, — ^I  thank  "you  all  very  warmly  for 
the  kind  manner  in  which  you  have  received  the  motion  which 
has  been  put  before  you.  I  thank  the  mover  and  seconder  for 
the  too  kind  appreciation  which  they  have  shown  of  my  imperfect 
efforts  to  speak  to  you  in  proper  terms  this  evening.  I  feel  that 
your  electing  me  to  be  the  first  President  of  "  The  Institution  of 
"  Electrical  Engineers  "  is  really  to  myself  a  very  great  personal 
kindness,  because  I  believe  that  it  was  understood  that,  living  as 
I  do  at  so  great  a  distance,  I  should  not  be  able  to  do  my  duty 
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properly  as  President — to  be  at  all  the  meetings,  as  I  would  like  pj^gj^ej^t, 
to  be,  or  at  the  greater  proportion  of  meetings,  as  I  certainly  ought 
to  be,  but  only  at  a  comparatively  small  number.     I  live  400 
hundred  miles  away,  and,  as  you  know,  have  incessant  occupation  at 
that  distance  in  Glasgow,  so  that  it  is  practically  impossible  for  me 
to  be  here  at  many  of  the  meetings.     I  must  therefore  ask  you  to 
kindly  excuse  my  inability  to  do  myself  the  pleasure  of  being 
with  you  continuously,  or  even  frequently,  and  I  must  trust  to 
the  kind  consideration  of  the  Vice-Presidents  to  take  the  place 
that  I  ought  to  occupy  in  the  Presidential  chair.    I  hope  to  be 
present  at  all  the  meetings  of  the  Institution  after  the  end  of  our 
Glasgow  University  session,  and  if  possible  I  shall  be  at  some 
before  that  time,  but  I  am  afraid  it  can  be  but  at  very  few ;  and 
I  must  ask  you  to  kindly  excuse  me,  and  to  understand  that  it  is 
simply  owing  to  the  necessity  of  the  case.    It  was  necessary,  in 
fact,  for  me  to  let  it  be  known  before  you  did  me  the  honour  of 
electing  me  that  this  would  be  my  case  with  reference  to  my 
duties   as   President  of  this   Institution.     I  must   say  that,  as 
regards  the  management  of  its  business,  I  think  none   of  us 
need  have  any  concern  at  all  when  we  know  that  it  is  in  the 
hands  of  our  excellent  Secretary,  Mr.  Webb.     He  is  always  alive 
to  the  interests  of  the  Institution,  always  attentive  in  carrying 
out  its  objects;  and  with  the  very  great  ability  which  he  has 
shown  we  may  feel  that  the  management  is  in  excellent  hands. 
Then  with  the  Council  here,  in  whom  you  have  all  such  perfect 
confidence,  I  think  you  will  feel  that  the  Institution  loses  nothing 
whatever  by  my  absence;  but  I  have  deemed  it  right  that  I  should 
make  my  apology,  as  you  have  been  so  kind  to  me  this  evening. 

Major-General  C.  E.  Webber  :  Sir  William  and  gentlemen, —  w?bbe?"' 
On  behalf  of  the  members  of  the  Institution,  and  in  a  few 
words,  I  have  the  great  pleasure  to  give  expression  to  our 
gratitude  to  Mr.  Graves,  the  last  President  of  the  Society 
of  Telegraph-Engineers  and  Electricians,  for  the  splendid  way 
in  which  he  has  filled  that  chair  during  the  past  year.  All 
old  members  are  sorry  that  he  has  done  so  to-night  for  the 
last  time.  Mr.  Graves,  we  know,  has  distinguished  himself, 
long  ago  as  the  Engineer-in-Chief  of  the  Post  Office,  and  there 
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?KS!w.*°*  ^^  nothiDg  I  can  say  which  could  add  to  his  reputation  ;  but 
during  the  past  year  he  endeared  himself  to  us  by  the  careful 
and  friendly  way  in  which  he  has  presided  over  us  on  every 
occasion  when  we  have  met  together,  I  will  not  at  this  late 
hour  occupy  your  time  by  any  further  remarks  on  the  subject, 
but  ask  "  that  you  will  accord,  as  members  of  the  Institution  of 
'*  Electrical  Engineers,  your  cordial  thanks  to  Mr,  Edward  Graves 
'^  for  the  admirable  manner  in  which  he  has  discharged  the  duties 
"  of  President  of  the  Society  of  Telegraph-Engineers  and  Eleo- 
"  tricians  during  the  past  year." 

Mr.  Mr.  C,  E.  Spagnoletti:  I  rise  with  very  great  pleasure  to 

Bpagnoletti.  .^     o 

second  the  proposition  of  a  vote  of  thanks  to  our  retiring  Presi- 
dent, Mr.  E.  Grraves.  I  have  had  the  pleasure  of  working  with 
him  for  many  years,  and  therefore  I  can  speak  with  some  personal 
experience  of  his  excellent  business  qualifications,  of  the  very 
ready  way  with  which  he  deals  with  matters  and  surmounts  diffi- 
culties, and  of  the  very  courteous  way  in  which  he  always  performs 
his  onerous  duties.  On  behalf  of  the  Council  I  am  sure  I  may- 
say  that  we  are  very  much  indebted  to  him  for  his  constant  attend- 
ance, and  for  the  way  in  which  he  has  conducted  the  aflfairs  of 
the  Society  during  his  year  of  office  ;  and  I  think  I  may  also  say 
the  s€une  on  behalf  of  the  members  of  the  Institution. 

The  motion  was  carried  unanimously. 

Mr.  Mr.  E.  Graves  :  When  you  did  me  the  honour  of  electing  rae 

to  occupy  the  chair  which  I  have  so  recently  vacated,  I  said  it 
was  a  case  of  the  wrong  man  in  the  wrong  place,  and  I  have  not  at 
all  altered  that  opinion ;  in  fact,  if  I  had,  the  Address  to  which  I 
have  listened  to-night  would  have  corrected  the  error.  But  I 
told  you  also  that  I  would  do  my  best.  I  have  striven  to  do  so. 
We  have  had  many  meetings  during  the  year — many  meetings  of 
the  Society,  many  meetings  of  the  Council,  many  meetings  of 
Committees,  especially  on  extraneous  matters  such  as  those  con- 
nected with  the  Lord  Mayor's  Committee  of  the  Paris  Exhibition  ; 
I  have  attended  them  all,  and  now,  at  the  end,  I  feel  myself  a  sort 
of  chief  mourner  for  the  Society  of  Telegraph-Engineers,  and  I 

—  resign  to  Sir  William  Thomson  the  much  pleasanter  task  of  acting 
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as  godfather  to  the  Institution  of  Electrical  Engineers  which  takes  ^• 
its  place. 

The  Secretary  announced  that  the  next  meeting  would  take 
place  on  January  24th,  when  a  paper  would  be  read  on  "  The 
^^  Insulation  Besistance  of  Electric  Light  Installations,"  by 
Professor  Andrew  Jamieson,  Member. 

A  ballot  for  new  members  took  place,  at  which  the  following 
were  elected : — 

Foreign  Menfiber: 

Jos^  Savall  y  Salvat. 


Members : 


John  Marshall  Gorham. 
William  Edwin  Heys. 
Captain  R.  Hippisley,  E.E. 
Professor  Oliver  Joseph  Lodge, 

FJR.S. 
Anthony  Eeckenzaun. 


Professor    Arthur    Schuster, 

Ph.D.,  F.R.S. 
niius     Augustus      Timmis, 

M.  Inst.  C.E.  &  M.E. 
James  Wimshurst. 


Associates : 


Sydney  William  Baynes. 
Samuel  Joseph  Ck)xeter. 
William  Fulton. 
Charles  Frederic  Heywood. 
Edmund  Philip  Jackson. 
Alexander  Login  Lineff. 
Lieutenant  W.  Luard,  R.E. 
David  McNem. 
Edward  Thomas  Mercer. 
Edwin  Oldroyd. 

Beginald 


Henry    Francis    Sharman- 

Crawford. 
Thomas  Thomas. 
Charles  Turner. 
T.  M.  Winstanley  Wallis. 
John  C.  Waltham. 
Michael  Scaler  Warton. 
George  Sichard  Webb. 
Charles  AspuU  Wells. 
Ebenezer  Clarence  Wood. 
Frederick  Yorke. 


John  F.  Coote, 
Wilmot  Ernest  Lane. 
Max  Salmony. 

The  meeting  then  adjourned 


Students : 

Josiah  Sayers. 


Ernest  Waltham. 
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The  One  Hundred  and  Eighty-fourth  Ordinary  Greneral  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil  Engi- 
neers, 25,  Great  George  Street,  Westminster,  on  Thursday 
evening,  January  24th,  1889— Professor  W.  E.  Ayrton, 
r.R.S.,  Vice-President,  in  the  Chair. 

The  minutes  of  the  Annual  General  Meeting  held  on  Decem- 
ber 13th,  1888,  and  of  the  Ordinary  General  Meeting  held  on 
January  10th,  1889,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Leon  Drugman. 

From  the  class  of  Students  to  that  of  Associates — 
F.  W.  Chapman.  I       W.  Clark  Fisher. 

J.  Mountjoy  Elliott.  |       E.  Loraine  Heelis. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Astronomer  Royal; 
the  Electrical  Society  of  Japan;  Rev.  G.  T.  Carruthers;  P.  A. 
Scratchley,Esq.;  Messrs.  Whittaker  &  Co.  (Publishers);  the  Com- 
mander F.  Salvatori,  Foreign  Member.;  Professor  K.  E.  Zetzsche, 
Foreign  Member ;  Wm.  Ellis,  Member ;  W.  T.  Hancock,  Member  ; 
and  E.  March  Webb,  Member. 

The  Secretary  announced  that  Mr.  W,  H.  Preece,  Past- 
President,  had  presented  an  electric  clock  for  the  use  of  the 
Library  of  the  Institution. 

A  hearty  vote  of  thanks  was  accorded  to  the  donors  for  their 
presentations  to  the  Library,  and  also  to  Mr.  W.  IL^Preece  for 
his  useful  and  valuable  gift.  "^'^'^^' '' ^OOglC 
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The  Chairman  :  In  the  unavoidable  absence  of  Professor 
Jamieson  in  Glasgow,  the  Secretary  will  read  the  paper  announced 
for  this  evening. 

The  Secretary  then  read  the  following  paper : — 

THE   INSULATION   EESISTANCE   OF    ELECTEIC   LIGHT 
INSTALLATIONS. 

By  Professor  A.  Jamieson,  r.R.S.E.,  M.  Inst.  C.E.,  Member. 

Insulation  Besistance  of  Land  Lines  and  SvimiariTVe  Cables. 
— ^In  the  early  days  of  telegraph  land  lines  and  of  submarine 
cables,  iTisvlation  resistance  was  neither  definitely  specified  for, 
nor  accurately  measured  during  the  various  processes  of  manu- 
t^ctxae  and  of  maintenance.  A  few  failures,  however  (in  some 
cases  dearly  bought),  soon  impressed  electricians  with  the 
necessity  for  paying  more  attention  to  this  important  quality,  and 
they  were  not  long  in  demanding  from  contractors  the  minimum 
of  insulation  resistance  which  would  enable  their  lines  to  be 
worked  with  success.  Not  only  are  careful  insulation  tests  now 
made  during  the  manufacture  of  insulators  and  the  erection  of 
the  land  lines  under  the  British  Postal  Telegraph  Department, 
but  "daily  tests"  are  taken  of  all  the  more  important  lines. 
The  minimum  insulation  resistance  which  each  insulator  should 
have  depends  upon  the  length  of  the  line.  For  a  line  of  100 
miles  long  each  insulator  is  expected  to  give  a  resistance  of 
500  megohms,  whereas  for  a  line  of  only  10  miles  50  megohms  is 
considered  sufficient.  When  a  line  has  been  erected  and  put  into 
working  order,  it  is  usual  to  fix  upon  a  minimum  standard  insula- 
tion resistance  per  mile.  If  the  measured  value  at  any  time  falls 
below  this  standard,  then  the  line  is  considered  faulty,  and  steps 
are  taken  to  remove  the  fault.  The  Post  Office  standard  is 
200,000  ohms  per  mile.  In  the  cases  of  subterranean  lines 
and  of  submarine  cables  an  even  still  more  rigid  and  careful 
system  of  inspection  and  of  testing  is  now  carried  out  during  the 
manufacture  of  the  cores  and  cables.  The  results  are  invariably 
reduced  to  an  insulation  resistance  per  unit  of  length  at  §1^ 
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standard  temperature.  The  following  extract  from  the  specifica- 
tion of  a  successfully  made  and  laid  cable  will  serve  to  illustrate 
this : — "  The  insulation  resistance  per  knot  of  the  gutta-percha  core 
'^  shall  not  be  less,  when  tested  at  75^  Fah.,  than  300  megohms, 
"14  days  after  manufacture  and  after  two  minutes'  electrification, 
"  If  the  resistance  of  any  portion  of  the  gutta-percha  (reduced  to 
«  750  Fah,)  at  any  period  of  the  manufacture  fall  below  the  above 
"specified  limit,  the  cable  to  be  rejected."  Throughout  the 
whole  of  the  operations  of  coiling  and  uncoiling  a  cable  into  the 
shore  and  ship's  tanks,  during  the  laying,  and  subsequently  during 
its  existence,  the  insulation  resistance  is  periodically  measured 
and  tabulated. 

Besvlts  of  Neglecting  In^ilcUion  Resistance  in  Electric 
Lighting. — ^We  have  been  induced  thus  to  particularise  the 
extreme  care  and  attention  which  is  now  considered  absolutely 
necessary  in  the  case  of  land  lines  and  of  submarine  cables, 
because  the  industry  of  electric  lighting  has  just  passed  through 
a  similar  experience  to  that  which  these  industries  met  with  in 
their  earlier  days.  When  the  industry  of  electric  lighting  was 
first  beginning  to  take  root  in  this  country,  electric  light 
engineers  pooh-poohed  the  idea  of  accurately  measuring  the  in- 
sulation resistance  of  any  part  of  their  work,  and  they  invariably 
turned  a  deaf  ear  to  the  timely  warnings  of  telegraph-engineers 
and  electricians.  Experience  has,  however,  taught  them,  as  it  did 
their  elder  brothers,  that  good  uniform  insulation  resistance 
throughout  an  installation  is  of  immense  importance,  and  that  it 
cannot  be  obtained  without  careful  attention  to  details  and  a 
rigorous  system  of  testing  during  manufacture  and  erection,  and 
also  after  completion.  If  an  installation  is  not  well  insulated 
throughout,  leakage  of  the  current  takes  place,  and  consequently 
waste  of  power  and  money ;  electro-chemical  action  sets  in  where 
damp  or  liquids  are  present,  and  the  conductor  is  thereby  eaten 
through  or  a  short-circuit  occurs,  which  for  a  time  stops  the 
whole  of  the  lighting.  Discredit  thus  not  only  falls  upon  the 
contractor,  but  others  are  frightened  from  employing  the  electric 
light,  to  the  detriment  of  the  industry  as  a  whole^ 
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Necessity  for  Discussi/ng  a  Standard  of  InsvZation 
Resistance. — ^The  terms  nsaally  employed  in  regard  to  the 
insnlation  resistance  of  an  electric  light  installation  are,  that  it 
shall  be  "  good "  or  "  perfect,"  according  to  the  fancy  of  the 
party  pnrchasing  the  plant  or  of  his  adviser.  These  terms  have, 
however,  no  specific  meaning,  and  are  therefore  very  variously 
interpreted.  No  doubt  the  Society  has  had  this  subject  before 
them  in  committee  when  drawing  up  their  set  of  rules  for  the 
**  prevention  of  fire  risks ; "  but  the  Institution  as  a  whole  has 
never  had  an  opportunity  of  discussing  it,  and  thereby  of 
impressing  its  members  and  the  public  generally  with  its 
importance,  and  the  necessity  for  observing  some  minimum 
standard  of  insulation  resistance.  The  writer  had  his  atten- 
tion directed  the  other  day  to  a  communication  read  before 
the  International  Society  of  Electricians,  Paris,  in  November 
last^  by  M.  Picou,  wherein  that  gentleman  ably  analysed  this 
question,  and  proposed  a  rule  based  upon  tests  of  short  lengths 
of  cotton-covered  insulated  wire.  He  has  not  had  an  oppor- 
tunity, however,  of  learning  the  extent  and  the  nature  of  the 
discussion  upon  M.  Picon's  paper,  and  he  can  only,  therefore, 
place  his  rule  before  the  members,  along  with  a  few  other 
rules,  and  leave  them  to  form  their  own  opinions,  guided  by 
their  practical  experience. 

Oeneral  Proposiiiorvs. — ^The  following  points  will  no  doubt 
be  readily  admitted  in  regard  to  insulation  resistance  of  electric 
lighting  installations : — 

1.  That,  owing  to  the  comparatively  low  resistance  of  the 

conductor  circuit  of  ordinary  electric  light  installa- 
tions on  the  parallel  incandescent  system,  the 
minimum  standard  of  insulation  resistance  does 
not  require  to  be  nearly  so  high  per  unit  of 
length  as  in  the  case  of  submarine  cables. 

2.  That  it  should  be  directly  proportional  to  the  electro- 

motive force  of  the  generator,  or  diflFerence  of 
potential  between  the  conductor  and  earth  or 
between  the  forward  and  return  conductors. 
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3.  That  it  should  be  inversely  proportional   to  the   total 

length    of    insulated    conductor,    or    to    the    total 
current,  or  to  the  number  of  lamps  in  circuit. 

4.  That,  whatever  rules  or  standards  of  insulation  resistance 

may  be  adopted,  they  should  be  applied,  not  only 
to  all  the  conducting  wires,  but  also  to  the  dynamo, 
the  lamps,  and  all  the  fittings,  or,  in  other  words, 
to  the  whole  circuit. 
Rules. — 1882  Set  of  Rvlea  by  Society  of  Tetegraph-Engineera 
and  Electricians, — In  May,  1882,  in  the  first  set  of  "Bules  and 
"  Regulations  for  the  Prevention  of  Fire  Bisks  arising  from  Electric 
"  Lighting,"  issued  by  the  Society  of  .Telegraph-Engineers,  no 
standard  of   insulation    resistance  or  of   minimum   leakage   is 
recommended.     All  that  we  find  there  on  this  head  is :  *'  The 
"  difficulties  that  beset  the  electrical  engineer  are  chiefly  internal 
"  and  invisible,  and  they  can  only  be  eflfectually  guarded  against 
"  by  testing  or  probing  with   electric   currents ; "   "  AU  wires 
"  used  for  indoor  purposes  should  be  efficiently  insulated,"  &c. ; 
"  The   insulation   of   dynamo   coils   and  conductors   should    be 
"  practically  perfect ; "    "  The  value   of  frequently  testing  the 
**  apparatus  and  circuits  cannot  be  too  strongly  urged,"  &c. 

Five  years  ago  even,  the  writer  is  not  aware  that  any 
published  rule  existed,  or  that  any  specification  contained  any 
definite  rule  for  the  insulation  resistance  of  any  part  of  any 
electrical  installation, 

Admi/ralty  Rule. — ^About  1883  or  1884,  however,  the  Admiralty 
officials  requested  that  the  insulation  resistance  of  the  dynamos 
supplied  to  them  should  withstand  the  test  of  stroking  the  free 
end  of  a  conducting  wire  (the  other  end  being  connected  to  either 
pole)  over  any  part  of  the  framing  without  showing  any  signs  of 
sparking  when  the  machine  was  driven  at  its  normal  speed. 
The  writer  does  not  know  whether  they  still  insert  this  clause  in 
their  specifications,  or  whether  they  have  modified  or  improved  it ; 
but  at  best  it  is  only  a  rough-and-ready  test,  and  gives  no  indica- 
tion whatever  as  to  the  precise  locality  of  a  &ult  or  its  value  in 
ohms. 
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Worhmcm^s  Tests. — ^The  only  test  applied  by  contractors  when 
wiring  an  installation  was,  and  often  still  is,  that  of  simply 
inserting  an  ordinary  lineman's  detector  or  galvanometer,  Q-, 
between  a  battery,  B  (of  one  or  two  cells),  and  the  leads,  with 
the  other  end  or  ends  freed,  as  in  Fig.  1.    If  the  galvanometer 


:,M^ 


AwOv^ 


Pig.  1. 


gives  no  deflection,  or  a  very  small  one,  then  the  section  is  passed 
as  all  right. 

This  is  snch  an  exceedingly  simple  and  handy  test  for  work- 
men that  it  can  scarcely  be  improved  upon,  but  it  gives  no  precise 
indication  whatever  of  the  resistance  in  ohms,  of  the  dielectric,  or 
of  the  fittings.  It  simply  informs  the  observer  whether  there  is 
a  bad  feult  or  not.  He  can  also  find  out  by  it  whether  the 
continuity  of  the  conductor  is  complete,  by  earthing  the  farther 
end ;  and  he  can  also  ascertain  whether  there  is  a  short-circuit  or 

FrtA 
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Pig.  2. 

not  between  any  two  or  more  "  forward  "  and  "  return  "  leads  by 
connecting  up  his  apparatus  as  shown  in  Fig.  2. 

In  1884  Messrs,  Wm.  Denny  &  Bros.'  electrician  used  a  small 
portable  magneto-electric  machine  and  sensitive  bell — the  same  as 
telephone  companies  employ — instead  of  the  above-mentioned 
galvanometer  and  battery.  If  the  bell  rang,  a  fault  existed,  and 
its  position  had  to  be  found  out;  if  it  did  not,  then  all  was 
VOL.  XTin.  4  PonaIr> 
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supposed  to  be  right.  He,  however,  in  addition  to  this  merely 
workman's  test,  applied  a  more  exact  test  bj  Wheatstone  bridge, 
and  thus  obtained  the  insulation  resistance  of  the  whole  or  of  any 
desired  portion  of  the  circuit  and  the  fittings  in  ohms. 

ProfesaoT  JdmieaoTCa  Rale. — ^In  1884,  whilst  testing  the 
electric  light  wires  and  fittings  of  some  ships>  the  writer  first  drew 
up  his  rule,  which  has  been  published  in  the  laat  three  editions  of 
Munro  and  Jamieson's  "Pocket-Book  of  Electrical  Eules  and 
"  Tables."  He  had  previously  (since  1881)  tested,  by  Wheatstone 
bridge,  &c.,  the  insulation  resistance  of  a  number  of  land  and  ship 
installations,  and  was  rather  surprised  at  the  variety  and  lowness 
of  the  dielectric  resistance,  for  his  ideas  of  insulation  resistance 
had  been  somewhat  magnified  by  seven  years'  experience  with 
submarine  cables.  At  first,  he  could  not  get  contractors  to  come 
up  to  his  rule,  but  he  was  much  gratified  about  this  time  by  the 
enthusiasm  and  interest  which  Messrs.  Wm.  Denny  &  Bros.' 
electrician  took  in  the  matter,  and  by  finding  such  good  results 
in  his  tests  of  their  ships'  lighting  leads,  which  results  so  far 
surpassed  the  demands  of  his  rule  that  he  decided  to  adhere  to 
it.  Since  then,  he  has  had  much  less  diflSculty,  and  when  care 
and  attention  to  cleanliness  in  jointing,  to  the  fixing  of  wires  and 
fittings,  as  well  as  in  the  manufacture  of  dynamos,  are  observed, 
he  has  frequently  found  that  the  insulation  exceeded  the  demands 
of  his  rule,  which  is  as  follows : — "  A  careful  insulation  resistance 
"  test  of  each  circuit,  and  finally  of  the  whole  of  the  circuits 
"  (including  all  switches  and  terminals,  but  not  necessarily  the 
"lamps)  joined  up  together,  should  be  taken  by  the  method 
"  described  above,*  and  not  passed  unless  the  resistance  is  at  least 
"  equal  to  '1  X2  per  lamp  for  every  volt  employed.  The  insulation 
*'  resistance  of  the  dynamo  coils  should  be  equally  good," 


♦  Bee  Munro  and  Jamieson's  «*  Pocket-Book  of  Electrical  Bales  and  Tables/* 
p.  179,  at  foot.  This  rule  applies  only  to  the  dynamos,  leads,  and  fittings  for 
incandescent  lamps  arranged  on  the  single  parallel  system.  Should  the  lamps 
be  arranged  in  parallels,  with  two  or  three  or  more  lamps  in  series  in  each 
paraUel,  they  count  as  but  one  for  each  parallel. 
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Pat  into  formula 'shape,  the  rule  is — 

where  Ej  =  the  total  insulation  resistance  of  the  whole  or  any 
part  of  the  lamp  circuits  or  of  the  generator  in 
ohms; 
Jk  =  a  constant  ('1  fl  =  ^^  il  =  100,000  ©)  foxmd  from 
actual  tests  of  several  well-erected  installations  ; 
E    =  E.M.F,  of  dynamo  or  installation  in  volts ; 
Nl  =  number  of  lamps  (16-c.p.)  on   each  circuit  or  on 
the  whole  circuit. 
The  insulation  resistance    is    therefore  here    taken  to  be 
direcdy  proportional  to  the  normal  E.M.F.  of  the  dynamo,  and 
inversely  proportional  to  the  number  of  16-c.p.  lamps  in  circuit. 
The  difficulty  of  ascertaining  the.  precise  length  of  the  mains,  sub- 
mains,  leads,  and  dynamo  windings  led  the  writer  to  substitute 
the  number  of  lamps  in  circuit  for  what  might  at  first  sight 
appear  to  be  the  more  exact  term  in  the  denominator,  viz.,  the 
length  of  conducting  wires  employed.     Although  not  stated  in 
the  above  quotation  of  his  rule,  the  writer  usually  applies  the 
same  test  for  the  resistance  or  percentage  leakage  of  current 
between  the  whole  system  of  forward  and  return  wires  ;   also 
between  the  dynamo  armature  with  field-magnet  eoils  in  circuit 
and  the  frame  or  body  of  the  machine,  as  well  as  between  the 
series  and  shunt-magnet  coils  if  the  dynamo  is  of  the  compound 
or  series-shunt  type. 

The  following  example  and  table  will  make  the  application  of 
this  rule  clearer : — 

Suppose  that  we  have  an  installation  of  100  lamps  of  16  c.p. 
each,  and  that  the  normal  difference  of  potential  between  the 
terminals  of  the  dynamo  is  100  volts,  then  the  insulation  resist- 
ance should  not  be  less  than 

=  ioo'ooo.^ 

=  100,000  01  =  -1  a.  Pr^r^rrlr> 
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Table  of  InavZation  Beaiatcmcea  requi/red  by  JamieaorCa  RvZe. 
For  IQ-cp.  Lamp  Gi/rcuita  and  Dynamoa. 


Number  of 
Lampfl  in 
Circuit     ' 

60-Volt 
Lamps. 

e6-Volt 

Lamps. 

80-Volt 
Lamps. 

lOO-Volt 
Lamps. 

110-Yolt 
Lamps. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

1 

5,000,000 

6,600,000 

8,000,000 

10,000,000 

11,000,000 

10 

600,000 

660,000 

800,000 

1,000,000 

1,100,000 

20 

260,000 

326,000 

400,000 

600,000 

660,000 

40 

126,000 

162,600 

200,000 

260,000 

276,000 

60 

100,000 

180,000 

160,000 

200,000 

220,000 

100 

60,000 

66,000 

80,000 

100,000 

110,000 

160 

88,883 

48,388 

68,883 

66,666 

78,338 

200 

26,000 

82,600 

40,000 

60,000 

65,000 

800 

16,666 

21,666 

26,666 

88,388 

36,666 

400 

12,600 

16,250 

20,000 

25,000 

27,600 

600 

10,000 

13,000 

16,000 

20,000 

22,000 

1,000 

5,000 

6,500 

8,000 

10,000 

11,000 

The  leakage  allowed  by  this  rule  in  the  ease  of  100- volt  lamps^ 

using  '64  ampere  of  current  per  lamp,  is 

100  V  1  .,    , 

ampere  of  leakage 


r-^- 
^-E- 


10,000,000  6>        100,000 
for  every  lamp  in  circuit.    Each  lamp,  however,  requires  '64  ampere ; 
consequently  the  leakage  =  ^4;^  part  of  the  total  current. 
Or,  the  percentage  leakage  =  ^i^  =  '0016  °/o. 

Since  by  the  above  rule  the  dynamo  requires  to  have  the  same 
insulation  resistance  as  the  lamp  circuit,  the  insulation  resistance 
of  the  whole  circuit,  including  the  dynamo,  is  half  of  that  given  by 
the  formula  and  tables,  and  therefore  the  leakage  is  double,  or 
S^  part  of  the  total  current,  or  -^his  °/o  =  '0032  ^/q. 

Phoenix  Fi/re  Office  RuUa. — ^In  May,  1888,  in  the  thirteenth 
edition  of  the  Phoenix  Fire  Office  Rules,  Mr.  Heaphy  recommends 
that  "  in  any  electric  light  installation  in  which  the  current  is  con- 
"  tinuous,  and  has  an  electro-motive  force  of  200  volts  or  under,  the 
"  insulation  resistance  over  the  whole  circuit  inside  any  buildings 
"should  never  run  below  10,000  ohms.  .  .  .  With  currents  of 
"  1,000  volts  the  insulation  resistance  should  never  drop  below 


1889.]  ELECTBIO  LIGHT  INSTALLATIONS.  68 

*•  50,000  ohms,  no  matter  how  wet  the  weather  may  be.  For 
'^alternate  currents  the  minimum  insulation  resistance  should  be 
"  twice  the  above  number  of  ohms  respectively  .** 

In  November,  1888,  in  the  fourteenth  edition,  Mr.  Heaphy  is 
more  precise,  and  he  has  added  a  table  based  upon  similar  propor- 
tions to  the  writer's  rule.*  His  Eule  No.  27  reads  as  follows : — "  In 
"  any  electric  light  installation  in  which  the  current  is  continu- 
^  ous,  and  has  an  electro-motive  force  of  200  volts  or  under,  the 
'^  insulation  resistance  over  the  whole  installation  should  not  be 
"  below  the  following : — 

<<  Installations  of     25  lights  ...         500,000  ohms. 

„  50      „  ...        250,000     „ 

„  100      „  ...         125,000     „ 

„  500      „  ...  25,000     „ 

„  1,000      „  ...  12,500     „ 

"  When  the  lights  are  proportionate  between  the  above  numbers, 
"then  the  insulation  resistance  should  be  correspondingly  pro- 
"  portionate.  The  insulation  resistance  of  separate  circuits  of  the 
"  installation  should  also  be  taken,  and  should  be  in  accordance 
"with  the  above  table.  For  alternate  currents  the  minimum 
"  insulation  resistance  should  be  twice  the  above  number  of  ohms 
"  respectively." 

Objections  to  Phoenix  Rule. — The  following  objections  may 
be  ofiPered  in  regard  to  this  last  rule  :— ^ 

1.  It  ties  down  a  contractor  to  one  and  the  same  insulation 

resistance  whether  the  E.M.F.  of  the  installation  lies 
anywhere  below  200  volts.  Surely  a  50- volt  installation 
requires  but  half  the  insulation  resistance  of  a  100-volt 
one,  and  but  one-fourth  that  of  one  with  200  volts  ?. 

2.  It  is  somewhat  doubtful  (owing  to  a  previous  note  to  Sule 

No.  20)  whether  the  words  "  over  the  whole  installa- 
"  tion "  include  the  dynamo  as  well  as  all  the  wires, 
fittings,  and  lamps  ? 

*  It  wUl  be  observed  that  the  aboye  table  corresponds  identically  with  the 
writer's  rale  for  an  KH.F.  of  125  volts  i  e.g.,  take  100  lamps :  then 

Bx-  .  J.^-  100.0(X,.}!^.  l«W«ohn«,^^^  Q  j^ 

and  BO  oo  in  proportion  to  the  number  of  lamps.— ^.  J. 
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3.  No  distinction  is  made  between  circuits  with  one,  or  two, 

or  more  lamps  in  each  parallel. 

4.  Arc  lamps  of  2,000  c.p.  or  more  in  parallel,  and  large 

incandescent  lamps  of  500  Cyp.  or  more,  which  require 

strong  currents,  come  under  the  same  general  words, 

"  any  electric  light  installation  in  which  the  current 

^  is  continuous,''  just  as  much  as  small  incandescent 

lamps  of,  say,  5  c.p.,  which  require  only  a  fraction  of 

an  ampere. 

A  question  naturally  arises  here  for  discussion — Should  not 

the  insulation  resistance  in  such  extreme  cases- bear  some  definite 

proportion  to  the  current  ? 

Weatmmster  Fire  Ofice  Rule.  —  In  1888  the  Westminster 
Fire  Office  issued  a  set  of  rules  for  guiding  their  officers  in  regard 
to  electric  light  installations,  in  which  they  demand  that  the 
insulation  resistance  shall  in  no  case  be  less  than  150,000,000  ohms 
per  mile !' ! !  Surely  they  have  been  blindly  making  extracts  from 
a  submarine  cable  specification !  No  contractor  could  be  expected, 
under  ordinairy  circumstances,  to  complete  his  work  (including" 
dynamo  and  fittings)  to  such  a  high  standard. 

Jf.  Picou'a  Rule. — On  November  7th,  1888,  M.  Picou  com- 
municated his  rule  to  the  International  Society  of  Electricians, 
Paris**    Using  the  same  sjnnbols  as  in  the  writer's  rule,  it  is — 

where  Ej  =  the  total  insulation  resistance  of  the  circuit  in  ohms ; 

k  =i  Si  constant  (500)  found  by  experiments  with  short 
lengths  of  wire  covered  with  three  layers  of 
cotton  wound  in  reverse  layers  and  pressed 
between  metal  plates ; 

E  =  maximum  E.M.F.  of  the  generator  in  volts ; 

C   =  total'  eurrent  generated  or  passing  through  circuits 

im  amperes ; 

E 

^  =  the  resistance  in  ohms  of  the  whole  circuit  when  the 

installation  is  in  full  working  order. 
The  diflFerences  between  M.  Picon's  rule  and  the  writer's  lie  in 


♦  See  Eledriedl  BevUw,  Nov.  28, 1888. 
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the  different  values  given  to  the  constant  kj  and  in  the  substitu- 
tion by  M.  Picou  of  the  total  current,  C,  for  the  total  number  of 
lamps,  Nl,  in  the  writer's  rule.  There  is  no  doubt  an  advantage 
in  thus  substituting  C  for  Nl,  since  the  constant  k  thereby 
expresses  directly  the  number  of  times  the  insulation  resistance 

E 
is  of  the  apparent  working  resistance,  p^.      And   its   reciprocal, 

the  proportion  which  the  leakage  current  bears  to  the  total 
current.  For^  let  c  =  the  leakage  current,  and  adopting  the 
same  symbols  as  above  for  the  other  terms,  then 

_  E    _    E    _  C 
"^  -  R,  -      E  -  *' 

^  1  _  c  _  leakage  current 
'  '  i  ""  C  "  total  current 
We,  however,  consider  that  M.  Picon's  constant,  500,  is  by  far 
too  low  to  ensure  good  and  lasting  work.  By  it,  a  circuit  of 
1,000  lamps  of  16  c.p.  each,  requiring  100  volts  and  '64  ampere 
each,  the  total  insulation  resistance  of  the  circuit  would  only 
need  to  be  78' 1  ohms,  instead  of  10,000  ohms  by  the  author's 
rule  (or  5,000  ohms  if  the  dynamo  be  included). 

The  Society  of  Tdegraph-ETigineera  and  Electricians^  Last 
Mule, — ^In  April,  1888,  this  Society  issued  its  second  pamphlet  of 
**  Bules  and  Regulations  for  the  Prevention  of  Fire  Risks,"  and 
Bule  16' states  that  ^Hhe  insulation  of  a  system  of  distribution 
**  should  be  such  that  the  greatest  leakage  from  any  conductor  to 
**  earth  (and  in  the  case  of  parallel  working  from  one  conductor  to 
^  the  other  when  all  branches  are  switched  on,  but  lamps,  motors, 
**  &c.,  removed)  does  not  exceed  ^^^  part  of  the  total  current 
**  intended  for  the  supply  of  said  lamps,  motors,  &c. ;  the  test  being 
<<made  at  the  usual  working  electro-motive  force."  This  rule 
includes  all  kinds  and  systems  of  electrical  installations,  and  it  is 
very  neatly  and  concisely  expressed.  Some  persons  have,  however, 
a  difficulty  in  understanding  how  the  ^^^^  part  of  the  total 
current  is  to  be  tested  for  or  ascertained,  and  others  do  not 
see  exactly  how  the  test  is  to  be  applied  to  different  parts  of  the 
circuits  at  the  usual  working  E.M.F.  before  the  installation  is  ;^nt 
into  working  order. 
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If  the  rule  had  also  been  pat  into  the  following  fonn,  with  a 
table  giving  the  insulation  resistances  required  for  a  few  of  the 
more  common  electro-motive  forces  and  currents  (or  number  of 
lamps),  it  would  no  doubt  have  recommended  itself  more  readily 
to  those  unaccustomed  to  deal  with  the  form  of  expression  used  in 
the  rule.    Using  the  same  symbols  as  before,  we  have — 

5,000        ^  ^  "■   R/ 

.-.  Ri=  5,000  §  =  *^» 

which  is  the  form  of  expression  used  before,  and  most  easily 
applied.  This  gives  a  constant  ten  times  as  great  as  M.  Picon's, 
and  about  one-tenth  that  of  the  writer's  rule.  Which  of  these 
constants  is  most  in  accordance  with  good  practice  ? 

Takle  of  Insulation  Beaietcmcea 
requi/red  by  the  Society  of  Tdegraph-ETigvneera  wnd  ElectridaTia^ 

LastBulSf* 

viz. : — Ths  leakage  of  any  part  of  an  i/nstaUation  njot  to 

exceed  t^  of  total  cwrrefnJt  swpplyvng  that  part ; 

or,  Bi  =  5,000  E/C. 


Number  of 

Amperes 

inCirouit 

ForSO-Volt 
Lunps. 

Fores-Volt 
liunps. 

For  80- Volt 
Lamps. 

For  100- Volt 
Lamps. 

IVwUO-Volt 
liunps. 

Ohms. 

Ohms. 

Ohms. 

Ohmt. 

Ohms, 

1 

260,000 

826,000 

400,000 

500,000 

560,000 

10 

25,000 

82,500 

40,000 

50,000 

55,000 

20 

12,500 

16,260 

20,000 

26,000 

27,500 

40 

6,260 

8,125 

10,000 

12,500 

18,760 

50 

6,000 

6,600 

8,000 

10,000 

11,000 

100 

2,600 

8,260 

4,000 

6,000 

6,500 

160 

1,666 

2,166 

2,666 

8,888 

8,666 

200 

1,260 

1,626 

2,000 

2,600 

2,750 

800 

888 

1,088 

1,888 

1,666 

1,888 

400 

625 

812 

1,000 

1,250 

1,875 

600 

600 

660 

800 

1,000 

1,100 

1,000 

260 

825 

400 

500 

560 

«  If  we  indade  the  dysamo  as  well  as  the  whole  of  the  lamps,  motots,  Ao^ 
will  the  iiisalation  resistance  of  the  whole  installation  be  half  of  the  above'  ^ 
figures  P 
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Different  Testa. — The  ordinary  Wheatstone  bridge  test  is  the 
handiest  and  easiest  method  of  ascertaining  the  actual  resistance 
in  ohms  of  the  conductors  as  well  as  of  the  insulation  resistance* 
Should  the  insulation,  however,  be  too  high  for  the  battery 
power  and  the  galvanometer,  then  the  direct  deflection  substitu- 
tion method  may  be  adopted.  These  tests  are  so  fully  described 
in  every  book  on  testing,  and  are,  besides,  so  well  known,  that 
there  is  no  need  to  explain  them  here.  The  battery  power  need 
only  be  a  few  Leclanch6  cells  (10  or  12  at  most)  if  the  galvan- 
ometer used  is  of  the  sensitive-mirror  Thomson  type. 

When  the  installation  has  been  completed,  then  the  whole 
of  the  results  may  be  obtained  by  means  of  ordinary  ampere  and 
volt  meters. 

First,  join  up  the  circuit  as  follows,  in  Fig.  3 : — 


I'm 


^6  l6  z6l6 


Fio.  3. 


Work  the  installation  at  its  normal  power  and  observe  the  total 

current,  C,  by  the  ampere-meter,  A  M,  and  the  difierence  of 

E 
potential,  E,  by  the  voltmeter,  V  M.    This  gives  us  g^* 

Second,  join  up  the  voltmeter  as  in  Fig.  4,  with  one  side  to 
earth,  having  previously  ascertained  its  resistance,  r,  ohms. 
Also  note,  C,  on  the  ampere-meter,  and  see  that  it  is  the  same  as 
before. 


Fio.  4. 


If  any  leakage  to  earth  exists  in  the  dynamo  or  in  any  part  of 
the  dicuit,  a  deflection  on  the  voltmeter,  V  M,  will  be  produced 
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corresponding  to  the  leakage  current,  c,  passing  through  it,  and 
is  represented  by,  €,  volts  diflFerence  of  potential  between  its 
terminals. 

Then,  -  =  c,  the  total  leakage  current. 

C 
But     -  =  A;,  the  actual  constant  or  coefficient  of  the  insulation 
c 

resistance  of  the  system. 

Then,  if  this  value  is  greater  than  i,  our  standard  constant, 
the  installation  may  be  considered  all  right  as  far  as  insulation 
resistance  is  concerned.  Of  course  this  does  not  inform  us  if  any 
leakage  is  taking  place  between  the  forward  and  "the  return 
system  of  wires,  or  between  the  shunt  and  the  series  windings  of 
the  dynamo. 

To  ascertain  the  former  of  these,  disconnect  all  the  lamps 
and  insert  the  voltmeter  first  in  the  forward  lead,  and  secondly 
in  the  return  lead,  as  in  Fig.  5,  and  note  if  we  get  any  leakage 


/Vee 


Fig.  5. 

current,  c,  when  the  dynamo  is  run  at  its  normal  speed.  In 
regard  to  leakage  between  the  shunt  and  series  windings  of  the 
dynamo  magnets,  recourse  must  be  had  to  the  Wheatstone  bridge 
test.* 

No  doubt  some  of  the  members  will  suggest  other  practical 
tests,  as  well  as  give  their  experiences  of  how  the  insulation 
resistance  of  installations  with  which  they  happen  to  be  intimately 
acquainted  compare  with  the  various  rules  herein  mentioned,  as 
well  as  how  they  stood  the  test  of  time,  wear  and  tear  of  every- 
day work.  What  is  chiefly  wanted  is  to  ascertain  the  minimum 
standard  of  insulation  resistance  compatible  with  good  honest 
work  and  ordinary  careful  usage. 

•  For  other  tests  when  the  installation  is  at  work,  see  Munro  h  Jamieson's 
«  Electrical  Bules  and  Tables,"  5th  edition,  pp.  215,  2'l6,  ^ 
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P.S. — Since  correcting  the  proof-sheets  of  this  paper  the 
writer  thought  that  it  might  be  interesting  and  instructive  if  he 
obtained  the  insulation  resistance  of  an  installation  that  had  been 
working  for  some  years,  because  members  and  others  might  say 
that  some  of  the  foregoing  rules  were  all  very  well  for  -neti;  work, 
but  were  quite  inapplicable  to  old  work.  He  accordingly  went  to- 
day (January  16th,  1889)  to  Messrs.  G-raham's  large  East  India 
offices  and  warehouses  in  Cathedral  Street,  Grlasgow,  with  his 
testing  apparatus,  and  took  eareful  tests  of  the  insulation 
resistance  of  the  whole  circuity  with  the  results  shown  in  the 
following  table : — 

Original  date  of  fitting  up  installation    1881-82 

Bate  on  which  most  of  the  wiring  was  renewed  ...  1888 

Date  of  test  (day  wet— Glasgow  weather)  ...    Jan.  16th,  1889 

Total  number  of  lamps  in  circuit  of  16  c.p.  each  ...  281 

EJC.F.  at  brushes  of  dynamo,  in  voUs      108 

Current  total  trom  dynamo  for  all  lamps,  in  amperei  ,..(ab<mt)  160 
Insulation  resistance  of  dynamo  armature  and  magnet 

coils  alone,  in  oA»M ...         40,000 

Insulation  resistance  of  the  voh^le  circuit,  including 
the  dynamo,    aXl  leads,  switches,    cut-outs,    and 

lamps,  in  ohms     ...         21,400 

Insulation  resistance  to  pass  Jamieson's  rule,  including 

dynamo  as  well  as  the  whoU  lamp  circuit,  in  ohm$  19,217 

Insulation  resistance  to  pass  Society  of  Telegraph- 
Engineers  and  Electricians'  rule  (if  their  constant 
includes  dynamo  as  weU  as  the  whole  lamp  circuit) 
in  ohmt      ...        ,.,        ...        ...        ,««        .,,        „,  3,375 

This  old  installation  (the  oldest  large  incandescent  light  one  in 
Scotland^,  which  has  been  in  full  daily  working  order  for  over 
five  years  (since  the  wiring  was  renewed)  when  tested,  without 
warning  or  any  special  preparation,  and  on  a  very  damp  day,  gave 
a  better  insulation  resistance  than  that  demanded  by  the  writer's 
rule,  and  over  six  times  that  required  by  the  Society  of  Telegraph 
Engineers'  rule  (taking  it  in  its  broadest  sense). 

It  is  worth    mentioning   that  the  President,   Sir  William 
Thomson,  has  taken  a  special  interest  in  this  installation  from^ip 
its  very  commencement. ..  In  1881,  when  so.  few  electricians  knew 


60  THE  IN8ULA.TI0N  KESISTANCE,  Etc.  [Jan.  a4th, 

practically  how  incandescent  lighting  should  be  carried  out,  and 
when  the  Messrs.  Graham  were  erecting  their  large  new 
premises,  they  consulted  Sir  William  Thomson  afl  to  whether  or 
not  they  could  rely  upon  the  electric  light.  Upon  his  recom- 
mendation they  fitted  their  premises  throughout  with  the  electric 
light,  without  introducing  gas-burners  into  any  of  their  offices 
and  warehouses.  The  actual  carrying  out  of  the  present  wiring 
of  the  building  has  been  entirely  done  by  one  of  the  writer's 
students,  who  has  had  charge  of  the  installation  for  the  last  six 
years.  The  Messrs.  Graham  have  been  so  pleased  with  the  care 
and  attention  which  he  displayed  that  they  have  sent  him  to 
their  new  premises  which  they  are  at  present  erecting  in  Oporto, 
Portugal,  to  superintend  the  building  and  put  up  an  electric 
light  installation  there. 

The  dynamo  which  the  writer  tested,  and  which  gave  a  total 
insulation  resistance  of  40,000  <o,  against  framing  and  dead  earth, 
is  a  Manchester  shunt-wound  machine  by  Messrs.  Mather  & 
Piatt,  put  down  about  two  years  ago  to  replace  the  direct 
lighting  of  the  building  by  three  of  the  oldest  shunt-wound 
dynamos  in  existence.  These  three  machines  are  now  employed 
in  charging  accumulators  which  serve  to  feed  the  lamps  used  in 
the  darker  parts  of  the  building  during  the  daytime.  The 
writer  tested  the  insulation  resistance  of  one  of  these  old 
machines,  and  found  that  it  gave  for  armature  and  shunt  coils 
just  over  10,000  ohms,  as  against  the  frame  of  the  machine. 

In  addition  to  the  above  tests,  that  indicated  by  Fig.  4  was 
appUed,  and  no  perceptible  leakage  current  was  observable  on 
the  voltmeter,  even  although  the  sensitive  coil,  which  reads  to 
less  than  a  volt,  was  inserted. 

The  writer  might  give  the  results  of  several  new  installations 
which  have  surpassed  his  rule,  and  which  therefore  far  exceeded 
the  demands  of  the  Society's  rule.  He  therefore  thinks  that 
the  constant  of  the  latter  might  be  raised  from  5,000  to  10,000 
with  perfect  fEumess,  and  with  beneficial  results  to  the  electric 
lighting  industry  as  a  whole. 

Digitized  by  VjOOQ IC 


1889.]  DISCUSSION.  61 

The  Segbetaby  :  The  following  telegram  arrived  at  the  office  Th© 
of  the  Institution  this  afternoon,  addressed  to  Professor  Jamieson. 
I  have  since  telegraphed  to  him  to  know  if  I  might  read  it,  and 
he  has  replied  in  the  affirmative.  It  is  from  Mr.  Geipel,  at 
^Edinburgh,  and  is  as  follows : — "  Tested  Conservative  Club  to-day, 
**  insulating  dynamo  and  circuit  from  earth.  140,000,  or  three  to 
"  four  times  your  standard.     65  volts,  147  lamps.** 

The  following  is  a  letter  received  from  M.  Picou,  Foreign 
Member,  in  consequence  of  his  having  had  a  copy  of  Professor 
Jamieson's  paper  sent  to  him : — 

Com PAONiB  CoNTiNBNTALE  Edison,  45,  Bux  DU  Farc, 
January  28rd,  1889. 

To  ike  Secretary  of  the  Institution  of  Electrical  Engineers. 

Beferring  to  Professor  A.  Jamieson *8  paper,  I  should  like  to  make 
a  remark  on  the  value  h  —  500  in  my  formula. 

I  qnite  agree  with  him  that  this  figure  is  very  low,  and  that  in  practical 
industrial  work  higher  values  of  insulation  are  easily  obtained  than  those 
resulting  from  this  formula.  I  did  not  intend  to  give  the  figure  that  the 
iimlation  of  the  installation  should  have,  to  he  considered  as  good,  but  rather 
the  minimum  standard,  under  which  it  should  be  considered  as  faulty.  At 
this  minimum  the  fault  must  be  searched  for  and  corrected. 

It  is  generally  personal  judgment  which  decides  whether  insulation  is 
practically  good  or  not.  But  the  determination  of  the  minimum  insulation 
under  which  there  is  risk  of  fire  or  destruction  of  material,  offers  an  interest 
of  an  impersonal  and  absolute  nature,  which  is  of  very  great  importance. 

That  limit  may  be  advantageously  fixed  by  the  discussion  of  Professor 
Jamieson's  paper,  and  I  am  happy  to  have,  for  my  part,  contributed  in  raising 
this  discusiion,  which  will  be  extremely  profitable  to  electrical  work. 

B.  V.  PICOU,  Foreign  Member. 
The  Chairman  :    Perhaps    Mr.   Crompton    will    favour  the  The 

Chainnozia 

meeting  with  his  remarks  on  this  paper  ?  As  a  member  of  the 
Committee  of  the  Institution  which  drew  up  the  electric  lighting 
rules  referred  to,  he  may  probably  be  able  to  defend  the  prin- 
ciples upon  which  they  were  based. 

Mr.  Crompton  :  I  trust  that  in  this  discussion  some  of  the  Mr. 

CxOBBiptOIl. 

younger  members  of  the  profession  who  are  engaged  in  super- 
intending the  wiring  of  houses  may  take  a  principal  part.  Its 
value  will  be  increased  in  proportion  to  the  number  of  facts  such^ 
gentlemen  can  bring  forward  this  evening.  I  confine  my  remark/. 
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mj.  therefore,  to  classifying  the  sub-heads  under  which  it  might  be 

convenient  to  discuss  Professor  Jamieson's  paper. 

The  insulation  resist€Uice  of  complete  installations  may  be 
subdivided  as  follows : — 1st,  the  dynamo ;  2nd,  the  distributing 
apparatus  or  switch-boards  ;  3rd,  the  insulated  conductors  them- 
selves ;  4th,  the  various  fittings,  such  as  switches,  cut-outs,  and 
lamp  att€u^hments. 

Dealing  with  the  first  matter,  I  must  point  out  that  Professor 
Jamieson  has  dealt  with  the  subject  as  if  the  great  majority  of 
installations  contained  dynamo  machines,  and  most  of  his  methods 
of  testing  relate  to  such  installations.  Now  I  must  point  out 
that,  thanks  to  the  increased  number  of  central  stations  either 
actually  at  work  or  projected,  the  number  of  houses  wired  without 
a  dynamo  are  twenty-fold  of  those  with  a  dynamo.  The  total 
insulation  of  a  self-contained  installation  containing  a  dynamo 
need  not  be  nearly  so  high,  and  consequently  need  not  be  treated 
so  carefully,  as  that  of  one  forming  part  of  a  central  station 
system,  as  it  is  obvious  that  a  leak  which  might  be  of  slight 
moment  in  the  case  of  detached  installations  may,  on  account  of 
the  addition  of  many  other  similar  leaks,  become  of  serious 
moment,  and  exceedingly  embarrassing  to  the  engineer  in  charge 
of  the  central  station.  Your  President  has  just  said  that  I  am 
one  of  the  members  of  the  Committee  responsible  for  the  rule 
contained  in  the  Institution's  pamphlet  relating  to  insulation* 
First,  as  to  the  wording  of  that  rule,  which  Professor  Jamieson 
considers  is  most  obscure.  I  cannot  agree  with  him  on  this  point. 
It  is  surely  a  simpler  matter  to  prescribe  that  the  leakage  of 
current  to  earth  shall  not  exceed  a  fixed  percentage  of  the  total 
current  required  for  the  whole  of  the  lamps  for  which  the 
installation  is  wired,  than  to  follow  Mr.  Jamieson's  rule,  which 
takes  into  account  varying  E.M.F.'s ;  but  I  am  disposed  to  agree 
with  Professor  Jamieson  that  the  5,000th  part  allowed  in  our  rule, 
although  it  sufficiently  protects  detached  installations,  is  not 
sufficient  to  protect  an  installation  forming  part  of  a  central 
station,  and  I  am  quite  prepared  to  adopt  his  suggestion  to  reduce 
the  leakage  to  j^^th  part. 

Returning  to  the  question  of  the  insula^iiStf^&rd^Sl)^,  it  is 
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no  Ioniser  a  difficult  matter  to  obtain  high  insulation  on  every  Mr. 
Iiart  of  dynamo  machines.  Now  that  we  dynamo  makers  have 
had  our  attention  directed  to  the  fact  that  there  are  far  better 
varnishes  than  shellac,  there  is  no  difficulty  in  obtaming  any 
desired  degree  of  insulation  on  the  dynamo  itself  from  the  first 
moment  that  it  is  wound.  In  the  days  when  we  used  shellac  it 
was  impossible  to  obtain  a  high  degree  of  insulation  until  the 
whole  of  the  spirit  contained  in  the  shellac  varnish  had 
evaporated.  There  are  other  objections  to  its  use  which  I  need 
not  particularise  here,  as  it  is  foreign  to  the  subject  under 
discussion,  but  which  have  forced  us  into  the  use  of  other 
varnishes  having  a  high  insulating  quality  even  while  they  are 
still  moist. 

On  the  subject  of  the  dividing  apparatus  for  switch-boards  I 
have  little  to  say.  As  has  been  before  pointed  out,  the  use  of 
slate,  unless  very  carefully  selected,  has  been  a  very  coromon 
source  of  trouble ;  but  this  difficulty  can  be  avoided,  as  has  been 
already  pointed  out  here,  by  carefully  selecting  the  slate,  or  by 
coating  it  with  paraffin  or  varnish. 

Next  in  order  comes  the  insulating  wires  themselves.  The 
manufacture  of  these  has  so  greatly  improved  during  the  last 
few  years  that  the  insulating  resistance  of  the  covering  is  so 
high,  even  in  the  case  of  second-class  wire,  that  I  think  they  leave 
little  to  be  desired  ;  so  that  there  is  no  excuse  for  any  contractor 
using  a  wire  having  a  covering  of  low  insulating  quality.  When 
I  speak  of  second-quality  wire,  I  mean  wire  of  which  the 
insulation  is  of  pure  rubber,  as  most  makers  vulcanise  their  first 
quality.  So  long  as  our  coil  of  wire  remains  uncut,  the  insulation 
may  be  measured  by  megohms ;  it  is  only  after  it  has  been  cut 
into  lengths,  jointed  up,  and  connected  on  to  the  various  fittings, 
that  the  practical  difficulty  of  ensuring  high  insulation  commences. 
The  question  of  obtaining  good  joints  I  will  leave  to  others  who 
are  every  day  dealing  with  this  subject  in  a  practical  manner; 
but  I  wish  to  dwell  somewhat  strongly  on  the  fourth  sub-head, 
viz.,  the  insulation  of  the  fittings  that  we  are  forced  to  employ. 

I  say  "  forced  to  employ,"  because  the  use  of  fittings  made  of 
glass,  glazed  porcelain,  earthenware,  slate,  and  similar  material's  - 
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Mr.  has  been  so  strongly  prescribed  by  the  Insurance  Offices  that  we 

OxoDBptaiii* 

have  no  option  in  the  matter ;  but  I  would  point  out  that  the 
use  of  these  fittings,  having  a  highly  glazed  or  cold  surface,  hence 
liable  to  condense  on  to  them  a  film  from  our  moist  London 
atmosphere,  renders  it  an  extremely  difficult  matter  to  obtain  a 
high  insulation  to  earth  for  a  large  London  installation.  So  long 
as  we  were  able  to  use  wood  which  could  be  rendered  practically 
fire-proof,  and  could  be  varnished  in  such  a  manner  that  it  did 
not  condense  on  to  it  these  films  of  moisture,  it  was  a  compara- 
tively easy  matter  to  obtain  a  high  insulation,  and  the  question 
arises  whether  we  have  not  purchased  the  advantages  we  gam  by 
using  these  fire-proof  fittings  at  too  high  a  cost.  No  doubt  for 
some  situations  their  use  is  absolutely  necessary,  but  in  most 
other  cases  their  advantage  is  questionable. 

As  to  the  methods  of  testing  proposed  by  Professor  Jamieson, 
the  lineman's  detector,  if  used  with  a  source  of  practically  constant 
E.M.F.,  and  carefully  calibrated  with  that  E.M.F.  so  as  to  give  a 
certain  deflection  for  each  fraction  of  an  ampere  passing  through 
it,  is  quite  the  most  convenient  instrument  for  use  by  ordinary 
workmen  or  foremen.  Such  an  instrument  is  quite  as  portable 
as  the  voltmeter  he  proposes,  and  is  generally  wound  so  as  to  be 
much  more  sensitive.  When  such  an  instrument  is  used  for 
testing  dynamos,  as,  for  instance,  at  our  own  works,  we  use  it  with 
the  standard  E.M.F.  of  100  volts  of  our  lighting  circuit,  and  only 
pass  our  work  if  the  deflection  is  below  a  certain  limit,  which 
limit  is  dependent  on  the  magnitude* of  the  work  tested;  but 
when  testing  installations  connected  with  a  central  station,  it  is 
obvious  that  we  cannot  use  the  E.M.F.  of  the  mains,  as  in  that 
case  the  existing  leakage  on  the  mains  would  trouble  us.  For 
such  work,  therefore,  it  is  better  to  provide  the  constant  source 
of  E.M.F.  in  the  shape  of  a  portable  hand  dynamo  machine  which 
can  be  driven  at  a  certain  speed,  and,  consequently,  give  the 
E.M.F.  within  the  required  percentage  of  accuracy.  At  Ken- 
sington we  use  a  portable  battery  of  accumulators.  Messrs. 
Siemens,  of  Berlin,  make  the  portable  dynamo  apparatus  men- 
tioned above,  and  I  believe  it  is  used  universally  throughout  the 
—  Berlin  central    stations.      I  have  also  seen^itused^  in  other 

Continental  towns. 
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In  conclusion,  I  agree  with  Professor  Jamieson  that  it  is  quite  Mr. 

'         °  ^  ^  Grompton. 

easy,  if  due  precautions  are  taken,  to  obtain  excessively  high 
insulation  on  installations  of  considerable  magnitude.  In  one 
case,  in  London,  where  we  had  to  work  to  a  very  severe  specifi- 
cation— ^which  has  become  rather  celebrated  through  a  discussion 
which  took  place  on  it  in  the  technical  journals — we  obtained  a 
resistance  of  439,000  ohms,  which  is  about  four  times  in  excess 
of  the  requirements  laid  down  by  Professor  Jamieson's  rule  for 
the  number  of  lamps,  viz.,  130.  In  other  cases  we  have  got 
results  sixfold  in  excess  of  that  required  by  Professor  Jamieson. 
It  is  unnecessary  to  quote  these. 

Mr.  Alexander  Siemens  :  I  do  not  think  I  have  much  to  say,  Mr. 
but  my  ideas  of  insulation  are  different  from  those  which  have 
been  brought  fc^rward.  I  will  not  say  anything  of  our  own 
installations,  but  we  had  to  examine  an  installation  of  about 
111  lights  because  a  central  station  in  London  raised  the 
question  of  insulation,  and  on  measuring  the  insulation  resistance 
we  found  it  somewhat  over  5  megohms,  and  the  insulation 
resistance  of  the  dynamos — I  forget  the  maker — was  over  1 
megohm^  This  is  very  far  in  excess  of  any  of  these  rules,  and 
was  something  like  what  it  should  be.  I  think  Professor 
Jamieson  is  wrong  when  he  says  that  the  resistance  does  not 
require  to  be  nearly  so  high  per  unit  of  length  as  in  the  case  of 
submarine  cables.  Why  should  we  be  content  with  a  much  lower 
insulation  resistance  in  these  installations  than  in  submarine 
cables  ?  I  daresay  we  cannot  get  it  quite  as  good,  but  we  should 
try  to  get  as  near  as  possible. 

The  CHAiBBfAN :  There  must  be  a  great  many  members  present  Ti.e 

,  ,  Chairmao. 

who  have  had  experience  in  this  subject  of  insulation  resistance  of 
electric  lighting  installations.  Of  course  there  is  no  definite  rule 
given  by  Nature  as  to  whether  the  standard  should  be  5,000  ohms 
or  5,000,000,  or  anything  else.  The  insulation  resistance  asked 
•for  in  submarine  cables  is  simply  the  result  of  years  of  experience 
as  to  what  engineers  can  get  by  more  or  less  fighting  with  the 
contractors;  and  consequently,  in  the  same  sort  of  way,  the 
insulation  that  will  be  obtained  for  the  house  installations  will 
have  to  be  settled  by  actual  practice.  Therefore  the  results  of 
VOL.  XVUL  5 
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^jj^^^^^j^^  experience  are  what  we  particularly  want ;  in  fact,  I  presume  the 
object  that  Professor  Jamiieson  had  in  communicating  this  paper 
was  to  elicit  information  rather  than  to  give  it.  I  hope,  there- 
fore, that  some  of  the  members  who  have  had  experience  will 
continue  the  discussion. 
Mr.HanMBi.  Mr.  H.  HuMAN :  I  wish  just  to  correct  an  error  that  the 
author  has  fallen  into  in  referring  to  the  Westminster  Fire  Office 
rules.  The  same  error  was  made  by  Mr.  Preece  last  year  in 
dealing  with  this  question,  and  on  my  calling  his  attention  to  it, 
he  admitted  that  he  had  misunderstood  the  rule.  The  rule  to 
which  the  author  refers  as  showing  that  the  electrical  resistance 
should  be  150  megohms  per  mile,  has  no  reference  whatever  to 
the  insulation  resistance  of  an  installation  as  a  whole.  It  simply 
refers  to  the  electrical  resistance  of  the  dielectric  or  covering  of 
the  conductor.  Now  the  authors  of  those  rules  were  very  carefiil 
to  get  the  opinions  of  experts  on  this  question  of  insulation. 
They  first  of  all  thought  of  drawing  up  a  rule  defining  what 
should  be  the  leakage  allowed  in  an  installation,  basing  it  upon 
the  E.M.F. ;  but  they  were  advised,  and  I  think  wisely  so,  to 
leave  the  matter  alone,  and  let  the  electricians  themselves  deal 
with  it,  they  having  a  greater  interest  in  the  subject  than  the  Fire 
Offices.  But  having  specified  what  the  nature  of  the  coating 
should  be,  it  became  also  necessary  to  specify  what  its  minimum 
electrical  resistance  should  be,  and  we  found  that  in  practice  a 
cable  having  an  insulation  resistance  of  150  megohms  per  mile 
would,  in  nine  cases  out  of  ten,  be  sufficient.  Therefore  this  15C 
megohms,  as  referred  to  by  the  author,  has  nothing  to  do  with 
the  subject  he  is  dealing  with.  I  feel  bound,  on  the  part  of  the 
authors  of  those  rules,  to  make  this  correction. 

As  to  incombustible  bases,  Mr.  Crompton  truly  remarks  that 
the  Fire  Offices  were  originally  satisfied  with  wood  bases,  and  of 
course  the  results  were  good  so  far  as  mere  leakage  was  concerned ; 
but  I  may  tell  him  this  as  the  experience  of  the  majority  of  the 
Fire  Offices — that  whenever  a  fidlure  happened  or  an  accident 
occurred  it  was  invariably  through  those  fittings,  i.e.j  either  with 
regard  to  the  cut-outs  or  the  switches.  We  found,  therefore,  that 
it  became  absolutely  necessary  to  prohibit  what  was  then  the 
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common  practice,  of  putting  them  upon  very  inferior  wooden  Mr.  hoouui 
blocks,  and  we  thought  that  the  best  thing  under  the  circum- 
stances was  to  specify  for  incombustible  bases.  Well,  I  am 
pleased  to  hear  firom  Mr.  Grompton  that,  in  one  case  at  all  events, 
be  has  had  no  difficulty  in  obtaining,  even  under  these  conditions, 
very  high  insulation.  We  have  gained  by  experience  in  these 
matters,  and  when  we  find  an  accident,  or  the  cause  of  an  accident, 
we  make  a  note  of  it,  and  are  careful  that  in  future  it  shall  be 
provided  against.  These  are  the  reasons  the  Fire  Offices  insist 
upon  incombustible  bases  to  fuses  and  switches.  If  I  remember 
rightly,  Mr.  Cockbum  last  year,  in  his  admirable  paper  dealing 
with  fuses,  pointed  out  that  it  was  objectionable  in  many  cases  to 
use  wood ;  that  in  the  ordinary  fuse,  where  there  was  considerable 
beating  of  the  fuse  itself  before  absolute  breakage,  it  was  in  some 
cases  possible  to  ignite  the  base.  These  are  probably  the 
exception,  but  still  they  are  Uable  to  occur,  and  it  is  only  right 
that  we  should  provide  against  them.  It  must  not  be  forgotten 
that  when  an  accident  does  happen  someone  has  to  ^^pay  the 
**  piper,**  and  the  Offices  are  justified  in  protecting  themselves 
against  such  cases.  But  I  am  quite  certain  that  no  one  would 
unnecessarily  impose  conditions  that  would  retard  the  introduc- 
tion of  the  electric  light.  The  fact  is,  we  have  faith  in  the 
electric  light,  and  we  are  convinced  that  in  the  future  we  shall 
derive  great  benefit  from  it.  At  present,  of  course,  our  experience 
is  limited,  and  we  can  only  judge  by  results.  We  are  still,  as  it 
were,  suffering  from  the  use  of  two  modes  of  lighting — ^that  is  to 
say,  by  gas  and  electricity  in  combination.  Our  experience  has 
been  very  good  so  far  as  electric  lighting  alone  is  concerned,  but 
it  has  not  yet  sufficiently  gained  the  confidence  of  the  public  to 
enable  them  to  dispense  with  other  forms  of  lighting.  I  am  not, 
of  course,  speaking  of  its  danger,  but  of  its  stability  or  reliability. 
The  public  still  keep  gas  as  a  stand-by  in  case  of  a  breakdown, 
with  the  result  that  the  gas  fittings  are  frequently  either  put  to  im- 
proper uses  or  neglected,  and  the  joints  become  impaired.  Thus, 
when  it  happens — as  unfortunately  it  will  happen  at  times — that 
there  is  a  temporary  breakdown  of  the  electric  light,  and  the  gas 
fittings  are  again  brought  into  requisition,  a  leakage  may  occur, 
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iv.Himiaii.  ^th  a  probable  explosion  following.  So  that  we  are  suffering  in- 
directly in  some  respects  from  the  nse  of  electricity  for  lighting 
purposes.  When,  however,  public  confidence  is  restored — ^which 
depends  entirely  upon  electrical  engineers — and  when  other  forms 
of  lighting  are  entirely  dispensed  with,  then  we  shall  doubtless 
better  appreciate  the  advantage  of  the  electric  light  than  we  do 
at  present. 

B^irahed.  ^'  SYDNEY  EvEBSHED :  I  fully  agree  with  Mr.  Crompton 
that  the  author's  treatment  of  insulation  testing  is  rather  archaic. 
In  the  first  place,  one  cannot  carry  a  mirror  galvanometer  about 
for  use  in  houses  which  are  half-finished.  Nearly  all  the  houses 
which  are  now  being  wired  in  London  are  only  just  built,  and  in 
many  cases  the  wiring  and  internal  fittings  are  being  put  in 
together.  I  inspected  some  eight  or  ten  houses  a  few  months 
ago  which  were  completely  fitted  with  electric  bells  and  speaking^ 
tubes,  gas  pipes,  water  pipes,  and  electric  light  wires.  All  these 
things  were  buried  in  the  plaster.  This  seems  very  bad  policy 
so  far  as  the  latter  are  concerned,  considering  the  effect  damp 
plaster  will  probably  have  on  the  insulating  material  of  the 
cables. 

Mr.  Alexander  Siemens  made  some  objection  to  the  use  of  a 
voltmeter  in  testing.  Of  course  the  method  described  in  the 
paper  looks  very  pretty  in  a  diagram,  where  the  voltmeter  is  put 
on  to  an  apparently  good  earth ;  in  practice,  however,  it  will  be 
difficult  to  find  a  good  earth.  But  Mr.  Siemens  was  mistaken 
when  he  said  this  test  would  bum  the  voltmeter  coil,  for  it  can- 
not possibly  get  more  volts  on  it  than  the  dynamo  will  give,  and 
presumably  it  will  stand  that.  However,  ordinary  voltmeters  are 
useless  for  this  method,  as  their  resistance  is  so  low  that  you  get 
no  reading  from  line  to  earth.  I  imagine  Professor  Jamieson 
was  thinking  of  a  Thomson  graded  voltmeter,  which  has  a 
resistance  of  perhaps  10,000  ohms.  Very  small  leaks  can  be 
measured  with  these  voltmeters,  but  I  need  hardly  say  that  no 
such  instruments  are  made  sufficiently  portable  for  testing 
work. 

fcpenier  ^*  ^'  ^^^"^  CARPENTER :  With  your  permission,  Sir,  I  should 
like  to  put  a  question  and  make  a  suggestion.    As  we  have  bo 
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many  gentlemen  here  to-night,  I  would  ask  whether  there  is  ht. 
any  well-authenticated  instance  of  a  melted  tin  wire  in  a  safety 
fuse  having  actually  caused  a  fire  by  inflaming  wood  or  anything 
of  the  kind  ?  The  suggestion  that  occurs  to  me  rather  supple- 
ments what  you.  Sir,  and  Mr.  Crompton  have  said — ^that  there 
may  be  many  gentlemen  here  who  have  had  wide  experience  of 
testing  insulation  resistance,  and  who  may  perhaps  feel  some 
delicacy  in  giving  their  experience  because  they  may  feel,  to 
some  extent,  that  their  information  belongs  to  their  employer 
rather  than  to  themselves.  If  there  be  any  such  here  to-night,  I 
would  venture  to  suggest  to  them  that  any  information  that  they 
may  be  disposed  to  put  at  the  service  of  the  Institution  might 
quite  well  be  given  without  a  name,  or  other  means  of  identifica- 
tion of  any  sort  or  kind,  being  mentioned  in  connection  with  it. 
It  would  be  very  valuable  to  the  Institution,  and  it  is  a  great 
pity  that  we  should  not  have  it,  more  particularly  as  I  fidly  agree 
with  Professor  Ayrton's  remark  that  the  object  of  this  paper  was 
quite  as  much  to  elicit  information  as  to  give  it.  I  know  that 
that  was  the  opinion  of  the  Council  in  looking  over  the  paper 
and  in  speaking  of  it  downstairs  just  now,  and  I  therefore 
venture  to  hope  that  we  shall  have  some  valuable  information 
given. 

Mr.  W.  B.  EssoN :  I  should  like  to  call  attention  to  the  two  Mr.Esson. 
tables  on  pages  52  and  56,  Which  seem  to  be  of  an  entirely  different 
character.  In  Jamieson's  table,  page  52,  you  will  observe  that  the 
insulation  resistance  is  supposed  to  increase  with  the  voltage,  and 
that  the  percentage  of  current  leaking  goes  up  with  the  E.M.F. ; 
while  in  the  Society's  table,  given  on  page  56,  the  ideal  con- 
dition of  a  constant  percentage  of  leakage  is  set  forth.  In  actual 
installation  work  for  incandescence  lamp  circuits  neither  of  these 
conditions  obtain,  the  insulation  resistance  being,  as  a  matter  of 
ijEkrt,  approximately  the  same  whether  the  E.M.F.  is  50, 100,  or  200 
volts,  and  the  percentage  of  current  leaking  increasing,  therefore, 
as  the  aqiuire  of  the  volts. 

Mr.  Bernabd  Drake  :  I  should  like,  Sir,  to  make  a  remark  in  Mr.  Dram, 
reference  to  Mr.  Orompton's  opinion  of  pottery  for  bases  of  cut- 
outs.    He  is  undoubtedly  right  in  saying  that  leakage  is  more 
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ir.  Drake,  generally  due  to  switches  and  cut-outs  than  to  the  cable,  but  I 
maintain  that  the  Insurance  Companies  are  quite  justified  in 
insisting  on  pottery  or  incombustible  materials.  I  have  seen 
'several  bases  of  wood  with  unmistakable  signs  of  burning  from 
leakage  through  moisture  absorbed  by  the  wood. 

Now  this  could  not  result  with  pottery,  the  only  objection  to 
which  is  condensation  and  surface  leakage.  This,  I  believe,  will 
be  found  to  vanish  if  the  current  is  put  on  for  an  hour  previous 
to  testing  for  insulation.  In  support  of  this  I  may  mention  that 
on  a  recent  occ€ksion  I  had  to  test  the  leads  at  Lord- Armstrong's 
private  house,  and  found  apparently  a  dead  earth  on  the  mains. 
These  consisted  of  bare  copper  rods  supported  on  pottery  slabs 
placed  in  a  wooden  trough  which  was  lying  on  the  ground.  I 
believe  this  system  was  designed  by  Mr.  Campbell  Swinton. 

The  pottery  was  found  to  be  wet,  and  the  leakage  evidently  on 
the  surface.  After,  however,  the  current  had  been  used  for  about 
ten  minutes,  we  stopped,  and  were  surprised  to  find  that  the 
leakage  had  practically  vanished.  It  would  be  interesting  to 
know  whether  this  was  due  to  polarisation  or  the  drying  of  a 
portion  of  the  pottery  near  the  conductor.  If  the  same  takes 
place  with  the  pottery  bases,  there  is  no  practical  objection  to 
them,  but  the  final  tests  for  insulation  must  be  made  after  the 
current  has  been  on. 

There  is  a  much  more  serious  question  than  this  to  which  I 
would  direct  the  attention  of  Fire  Offices,  and  that  is  the  placing 
of  wires  in  new  houses  under  boards  when  the  pugging  is  not 
dry.  A  process  of  "  sweating  "  then  takes  place,  which  will  in  a 
month  rot  ofif  the  insulation  of  the  best  wires  made,  and  there  is 
then  a  leakage  through  the  damp  casing.  My  own  opinion  is 
that  you  should  give  your  wires  all  the  air  possible  under  boards, 
and  place  them  well  apart  on  the  sides  of  the  joists,  but  not  in 
casing. 

Another  most  fertile  source  of  trouble  to  which  no  allusion 

has  yet   been  made  is  the  jointing  of  the  cables.    The  usual 

course  adopted  is  to  smear  the  bared  copper  with  Chatterton's 

compound  and  wind  it  up  with  waterproof  tape ;  but  the  insulation 

will  be  found  to  be  weaker  here  than  elsewhere  in   the   cable. 
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apart  from  the  danger  of  the  compound  cracking  and  moisture  Mr.  Drake. 
penetrating  the  joint.    This  matter  should  be  faced  by  the  cable 
makers  in  their  own  interests,  and  they  should  insist,  for  their 
own  credit,  on  a  specified  method  of  jointing,  and,  if  possible, 
provide  the  materials  themselves  for  use  with  their  own  cables. 

Mr.  GrUY  C.  Fricker  :  With  regard  to  the  insulation  of  slate  Mr. 
bases  and  fittings,  I  find  that  the  slate  may  be  greatly  improved 
in  this  respect  by  soaking  it  in  melted  paraffin  wax,  and  that  the 
films  of  moisture  mentioned  by  Mr.  Crompton  do  not  then  appear 
to  be  troublesome.  I  think  that  this  plan  might  with  advantage 
be  extended  to  the  treatment  of  unglazed  earthenware  fittings, 
which  might  then  insulate  better  than  if  glazed.  Mr.  Crompton 
was  also  rather  hard  upon  shellac  varnish  as  an  insulating  com- 
pound. It  is  quite  true  that  shellac  varnish  will  not  dry  properly 
if  it  is  used  on  each  layer  of  wire  when  winding  up  a  coil,  unless 
it  is  afterwards  baked  for  a  very  long  time ;  but  in  well-ventilated 
armatures  it  is  a  perfectly  good  varnish  to  use,  and  I  may 
say  that  I  have  never  used  anything  else.  In  regard  to  the 
insulation  leakage  of  cables,  it  seems  to  me  that,  speaking 
strictly,  the  insulation  resistance  should  be  inversely  proportional 
to  surface  of  the  cable  rather  than  to  the  number  of  lamps  fed 
by  it,  as,  I  think,  is  proposed  in  the  paper.  Although  the  quantity 
ot  current  carried  by  a  conductor  shovXd  be  proportional  to  the 
cooling  surface,  by  the  rules  under  which  electrical  contractors 
usually  work,  it  is  governed  by  the  cross  section,  and  therefore  it 
would  seem  to  be  better  to  specify  definitely  in  such  a  way  as  to 
ensure  against  more  than  a  certain  current-density  of  leakage 
through  the  insulation. 

Mr.  W.  A.  Chamen  :  Perhaps,  Sir,  I  can  ofier  a  few  remarks  Mr. 

■^  ChanMn. 

which  may  be  useful.  I  can  say  from  experience  that  there  is  a 
great  deal  of  difficulty  in  insulating  the  backs  of  fittings,  more 
particularly  of  double-pole  cut-outs,  which  we  have  been  almost 
forced  to  put  in  by  some  of  the  Fire  Insurance  Offices.  These 
bring  the  two  opposite  poles  of  the  circuit  close  together,  thus 
offering  facilities  for  leakage  between  them.  In  some  Fire  Office 
rules  it  is  recommended  that  the  cables  or  wires  should  be 
plastered  in  the  walls ;  I  think  in  some  cases  Portland  cement  is 


72  '     THE  INSULATION  RESISTANCE,  Etc.  [Jan.  24th, 

:^.  mentioned.     Some  years  ago,  at  the  Forth  Bridge,  I  found  that 

Poilland  cement  was  absolutely  useless.  The  insulation  was 
all  right  for  some  time — I  think  about  a  twelvemonth ;  but  after 
that  time  it  was  completely  gone.  Portland  cement  certainly 
seems  to  have  some  deteriorating  effect  upon  insulation.  Plaster 
of  Paris  has  been  often  used,  and  in  dry  places,  perhaps,  that 
is  all  right;  but  in  ordinary  circumstances  I  think  it  very 
undesirable  to  plaster  leads  in  at  all.  Where  conductors  pass 
through  a  wall,  particularly  from  one  risk  to  another,  some  of 
the  fire  inspectors  insist  upon  their  being  plastered  in  or 
cemented.  What  I  have  always  done  in  such  cases,  however,  is 
to  put  in  porcelain  or  glass  tubes,  or,  better  still,  an  iron  tube 
lined  with  glass,  and  to  plaster  round  that,  but  on  no  account  to 
put  any  plaster  next  to  the  conductor. 

Eeferring  to  the  fusing  of  a  tin  wire,  or  other  cut-out  wire, 
causing  the  charring  of  a  wooden  base,  I  have  never  known  such  a 
case.  I  have  seen  wooden  cut-outs  charred,  but  I  have  always 
been  able  to  trace  this  charring  either  to  a  copper  wire  having 
been  inserted  through  somebody's  carelessness,  or  else  to  an  arc 
having  been  formed.  The  latter,  of  course,  cannot  be  guarded 
against  by  any  form  of  cut-out,  and  for  that  reason  it  may  be 
desirable  to  make  the  bases  incombustible. 

With  regard  to  moisture,  I  can  quite  understand  Mr.  Drake's 
remarks,  although  I  rather  think  that  the  cable  used  in  casing 
underneath  the  floor  cannot  have  been  sound  if  any  amount  of 
dampness  lying  between  the  two  cables  caused  leakage.  I  think 
that  the  insulation  of  most  of  the  cables  which  are  now  used  is 
such  that  they  may  be  laid  under  water  without  any  serious 
leakage;  at  any  rate,  those  used  on  the  Grrosvenor  Grallery 
installations  might.  I  think,  however,  there  is  a  source  of  danger 
even  in  using  such  thick  insulation,  especially  when  it  is  vul- 
canised rubber,  for  it  is  well  known  to  those  who  have  the 
practical  handling  of  these  cables  that  where  a  cable  has  to  go 
round  a  sharp  comer  the  insulation  is  often  broken.  After  a 
cable  has  been  made  some  little  time  vulcanised  rubber  seems 
to  get  hard,  and  breaks  more  easily.  I  think,  however,  that  pure 
—       rubber  cables,  taking  them  all  round,  stand  a  better  chance  than 
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the  Ynlcanised  ones.      I  cannot  say  whether  after  a  number  of  Mr. 

*'  Ohamen. 

years,  provided  they  were  properly  and  carefully  laid  in  the  first 
place,  the  pure  rubber  would  prove  to  be  better  than  the 
Yolcanised,  for  I  have  not  lived  long  enough  or  had  the  length 
of  experience  to  find  out. 

Bespecting  joints,  I  quite  agree  with  Mr.  Drake,  but  I  have 
long  ago  discarded  "Chatterton"  altogether.  I  found  that  the 
men  would  plaster  "Chatterton'*  about  the  joint  without  having  it 
properly  melted,  and  leave  holes  in  it.  I  have  for  some  time 
past  used  india-rubber  strip,  which  is  laid  up  round  the  cable, 
also  using  india-rubber  solution  for  the  purpose  of  sticking  it 
together.  If  a  joint  is  carefully  made  in  this  manner  I  think 
it  is  perfectly  good ;  it  may  not  be  better  than  "  Chatterton," 
provided  the  ^*  Ghatterton "  joint  is  properly  made.  It  is  most 
difficult  to  keep  a  light,  even  a  spirit  lamp  flame,  burning  in 
many  places,  for  there  is  often  draught  enough  to  blow  it  out. 
When  working  in  houses  such  as  Mr.  Evershed  referred  to  just 
now,  where  there  are  no  windows  or  doors,  you  cannot  do  any- 
thing at  all  with  a  lamp.  I  have  actually  had  a  man  bind  up 
a  joint  without  soldering  it,  simply  because  he  said  he  could  not 
keep  his  iron  hot  enough.  Of  course  with  the  india-rubber  and 
solution  no  heat  is  necessary.  After  the  india-rubber  strip  is  put 
on  I  generally  use  a  serving  of  waterproof  tape.  I  do  not  mean 
that  these  joints  are  always  perfect,  because  I  believe  that  nine 
out  of  ten  workmen,  if  they  are  not  watched,  will  make  bad 
joints. 

Mr.  H.  C.  Donovan  said  that  experience  gained  in  one  branch  j^* 
of  electrical  construction  must  ever  be  useful  in  another,  and 
most  especially  in  the  means  to  be  adopted  to  maintain  a  good 
state  of  insulation  in  mains,  leading  and  connecting  wires.  He 
was  of  opinion  that  to  ensure  a  constant  insulation  in  electric 
lighting  installations  the  choice  and  quality  of  the  insulating 
materials  were  not  of  so  great  importance  as  strict  attention  to 
detail,  so  as  to  prevent  undue  loss  and  a  gradual  £Edl  in  insulation, 
due,  not  to  the  loss  of  current  through  the  insulating  material, 
but  to  what  is  known  to  many  as  sfwrfdce  leakage — ^that  is,  ih 
current  escaping  from  the  bared  ends  of  the  conductors  in  le 
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Kr.  and  connecting  wires,  also  contact-pieces,  plugs,  switches,  and  com- 

mutators, which  are  fitted  on  slabs,  pedestals,  and  brackets  of  the 
well-known  materials  used  for  this  purpose.  Leading  wires, 
whether  insulated  with  gutta-percha  or  the  different  forms  of 
india-rubber  coatings,  are  sure  to  fall  off  in  insulation  when  the 
ends  become  coated  with  dust  consisting  largely  of  carbon  particles 
(especially  in  large  towns  where  coal  is  used).  This  coating 
of  dust  becoming  wet,  as  it  is  sure  to  be  when  the  atmosphere 
is  damp,  it  can  readily  be  understood  that  a  source  of  leakage  is 
set  up,  first  through  the  moist  dust  and  dirt,  and  thence  to  the 
damp  tape  and  felt  on  the  outer  surface  of  the  leading  wires  to 
"  earth."  The  same  remarks,  to  a  great  extent,  apply  to  the 
insulating  base  of  contact-pieces,  plugs,  switches,  and  commu- 
tators. ^Tien  new  they  have  perfect  insulation,  but  in  time,  if 
they  be  not  kept  clean,  damp  dust  will  do  its  evil  work,  conduction 
will  take  place  over  the  sur&ce,  and  render  the  best  of  insulating 
material  useless  as  regards  the  purpose  for  which  it  was  selected. 

For  the  same  reason  too  much  confidence  should  not  be  placed 
in  paraffin  wax.  It  is  a  great  dust  collector,  and  consequently 
its  surface  may  become  a  moisture  absorber.  The  moral  of  these 
remarks  is  that  the  ends  of  all  leading  wires,  also  the  surfEice  of 
all  insulating  slabs,  &c.,  should  be  kept  clean.  It  should  be  borne 
in  mind  by  all  electricians  that  the  climate  of  the  British  Isles, 
except  from  February  to  June,  is  exceptionally  damp. 

It  is  natural  to  see  that  all  these  precautions  are  of  more 
importance  to  the  consumers  than  to  the  contractors,  as  the  latter 
are  sure  to  get  rid  of  their  responsibility  before  the  trouble 
commences. 

When  the  late  Professor  Varley  first  visited  the  United  States, 
he  was  at  once  struck  with  the  utter  disregard  electricians  there 
had  to  all  insulatory  precautions — ^for  instance,  brass  keys  and 
fittings  screwed  direct  on  to  wooden  tables  and  benches,  single 
cotton-covered  wire  used  for  connections  everywhere.  He  pro- 
claimed, much  to  the  surprise  of  the  Americans,  that  there  was 
no  insulation ;  but  there  was,  for  Nature  had  provided  the  American 
electricians  with  something  more  useful  than  india-rubber  or 
_  gutta-percha,  more  insulating  than  paraffin  wax — an  exceptionally 
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diy  atmosphere.    It  is  the  same  in  Australia,  where  the  climate  mt. 

DonoTHUi. 

is  very  dry  for  the  greater  part  of  the  year. 

With  regard  to  the  making  of  joints,  it  should  be  borne  in 
mind  that  it  is  essential  that  the  jointer,  before  he  is  called  upon 
to  make  a  joint,  should  wash  his  hands.  Very  often  he  has  other 
work  to  do,  and  when  called  upon  to  make  a  joint  his  hands  are 
begrimed  with  every  form  of  mislocated  matter,  often  largely 
consisting  of  oil  and  brass  filings.  He  fully  admitted  that  this 
was  a  matter  of  detail  which  at  first  sight  might  seem  an  item 
of  no  importance. 

Mr.  W.  E.  Gbay  :  I  should  like  to  say  a  few  words  on  this  Mr.  Gray. 
paper.  Mr.  Jamieson,  in  referring  to  submarine  cables,  says 
that  the  engineers  insist  that  these  cables  should  give  an 
insolation  resistance  of  300  megohms,  fourteen  days  after  manu- 
facture, and  after  two  minutes'  electrification.  I  am  afraid  this 
is  hardly  complete,  as  he  does  not  say  what  number  of  cells  are  to 
be  used,  and  the  time  of  immersion.  For  electric  light  installa- 
tions  the  conditions  of  work  are  distinctly  different. 

I  presume  in  such  installations  one  does  not  care  so  much 
merely  about  the  initial  resistance  in  ohms  or  megohms,  as  about 
the  permanent  resistance — that  is  to  say,  an  insulation  resistance 
that  shall  remain  always  about  the  same.  This  may  be  a  low 
resistance,  as  the  amount  of  leakage  would  probably  be  inconsider- 
able, the  tests  being  taken  merely  to  show  the  actual  state  of  the 
circuit.  Mr.  Crompton  says  he  finds  that  when  using  slate  or 
porcelain  casing  there  is  a  deposition  of  moisture  on  the  surface, 
and  that  if  wood  casing  were  used  instead,  a  second-class  wire 
could  also  be  used — i.6.,  that  he  did  not  depend  on  the  insulation 
of  the  wire  for  the  insulation  of  the  whole  circuit,  but  rather  on 
the  ululating  qualities  of  the  case. 

In  such  a  climate  as  we  are  favoured  with  here  in  London,  this, 
I  think,  is  rather  risky.  Another  gentlemen — ^who,  unfortunately 
for  me,  I  do  not  know — said  that  he  believed  in  cables  which  could 
be  used  under  any  conditions  of  climate,  and,  therefore,  preferred 
such  cables  as  would  test  in  water.  This  seems  only  reasonable,  if 
we  are  to  meet  with  any  great  difficulty,  due  to  moisture,  in  in- 
stallation work.    He  then  referred  to  vulcanised  rubber,  and  sai< 
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Mr.  Gray,  that  in  bending  this  round  comers  he  found  it  to  crack.  This 
seems  rather  peculiar,  as  rubber  is  supposed  to  be  elastic ;  but 
probably  he  may  refer  to  the  cracking  of  the  tapes,  which  are  not 
rubber  at  all.  He  said,  I  understood,  that  he  had  not  lived  long 
enough  to  know  whether  or  not  vulcanised  rubber  would  last 
longer  than  pure  rubber.  Well,  I  may  not  have  lived  longer  than 
he  has,  but  I  think  he  will  find,  as  others  have  found,  that 
vulcanised  rubber  will  last  longer;  and  this  is,  I  believe,  the 
general  idea  amongst  manufiusturers,  and  the  principle  on  which 
they  work,  as  they  actually  use  vulcanised  rubber,  and  not  pure 
rubber,  which  they  know  will  not  last. 

Mr.  Drake  referred  to  the  making  of  joints,  and  spoke  of 
using  Chatterton's  compound  for  them.  It  seems  rather  a  bastard 
cut  of  thing  to  do,  to  put  gutta-percha  on  to  an  india-rubber 
insulated  cable,  as  certainly,  if  any  increase  of  temperature  takes 
place,  the  joint  will  leak.  There  is  clearly  no  doubt  of  this, 
owing  to  the  different  rates  of  expansion  of  these  materials,  and 
Chatterton's  will  not  stand  anything  like  the  same  degree  of 
temperature  as  vulcanised  rubber.  To  make  a  homogeneous 
joint,  pure  rubber  tape  tightly  wrapped  on  and  smeared  with 
india-rubber  solution,  as  has  been  suggested,  would  probably  be 
by  far  the  best ;  and  if  tightly  wrapped  on,  and  the  workman's 
hand  be  clean,  the  joint  being  properly  made,  there  is  no  doubt 
that  such  a  joint  can  test  in  water.  After  a  certain  time,  this 
joint,  from  its  own  defects — i.«.,  the  rubber  starting  slightly  to 
decompose — will  simply  become  a  homogeneous  covering  round 
the  conductor  joint.  It  is  true  that  this  will  not  last  so  long  as 
the  cable  itself,  but  I  suppose  it  to  be  the  best  that  can  be  done 
under  the  circumstances. 

You,  Mr.  Chairman,  made  a  remark  that  I  did  not  quite 
understand.  You,  I  think,  said  that  you  had  no  doubt  the 
engineers  could  wring  from  the  contractors  a  good  quality  of 
material.  It  seems  to  me  that  no  engineer  can  wring  from  a 
contractor  that  which  he  cannot  make.  If  he  can  make  a  first- 
class  quality,  he  tells  the  engineer  that  he  can,  and  the  engineer 
afterwards  specifies  for  it ;  but  really  a  great^eal  id  this 
installation  work  must  depend  on  whether  dt''^i5i»t  fli^^^OTlractor 
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is  a  good  one.  It  is  no  good  giving  an  empirical  sort  of  figure  Mr.  Gray. 
for  insulation  resistance  per  lamp  unless  you  are  certain  that  the 
insulation  will  last ;  and  that,  it  appears  to  me,  is  the  great  point. 
I  am  a&aid  that  a  figure  taken  upon  a  favourable  occasion,  as 
pointed  out  by  Mr.  Crompton,  or  on  a  nice  dry  day,  really  can 
hardly  be  assumed  by  the  Fire  Insurance  Companies  to  be  such 
an  insulation  as  they  require.  They  must  go  further,  and 
examine  into  the  class  of  material  that  has  been  used ;  and  if  this 
material  is  bad,  or  unsuited  for  the  purpose,  although  for  the 
time  being  it  may  give  a  high  insulation  and  appear  to  be  all 
right,  still,  in  my  opinion,  they  would  be  quite  justified  in 
rejecting  it. 

The  Chatrman  :  Before  adjourning  the  meeting  I  wiU  just  The 
remark  that  I  have  so  high  an  appreciation  of  the  improving 
power  of  contractors  that  the  specification  I  should  make  in  all 
cases  would  be  ^^  a  little  higher  (whatever  the  thing  was)  than 
"  they  had  been  hitherto  able  to  get,"  and  I  am  sure  that  they 
would  then  be  able  to  get  what  I  want. 

I  am  told  that  there  are  several  members  who  wish  to  speak 
on  this  subject,  and  the  discussion  will  be  adjourned  until 
February  14th. 

A  ballot  took  place,  at  which  the  following  were  elected : — 

Mevfhbers  : 
Alfired  Upton  Alcock.  |    Jorgen  Henry  Ferdinand  Toll. 

Asaodatea  : 
Frederick  Francis  Bennett.      I    Charles  Caesar  Hawkins. 
Walter  E.  Cassels.  I    William  John  Thorrowgood. 

StudevUa: 


Donald  Frank  Adamson. 
Frederick  Robert  Connell. 
Archie  Davidson. 

The  meeting  then  adjourned. 


Edmund  A.  Hall. 
Arthur  William  Bankin. 
Joseph  D.  Bolls. 
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W.  KOHI^&AUSCK— LIGHTNING  CONDUCTOBS 
(Elektrotechnisch4  ZeiUchrift,  Vol.9, pp, 228  amd  287, 1888.) 

The  author  first  deals  with  the  vexed  question  of  using  gas  and  water 
mains  as  '<  earth,"  and  then  passes  in  review  some  simple  apparatus  for  letting 
the  resistance  of  lightning  conductors. 

From  actual  experiments  he  has  found  that  the  resistance  of  an  '<  earth  *' 
formed  by  gas  or  water  pipes  is  less  than  that  of  the  usual  earth-plates.  In 
all  buildings  protected  by  a  system  of  lightning  rods,  the  conductors  must  in 
some  part  of  their  course  come  into  proximity  to  some  portion  of  the  metal 
pipes ;  and  since  the  resistance  of  the  **  earth  "  of  the  conductor  is  greater  than 
that  of  the  pipes,  the  electric  current,  even  though  it  may  for  some  distance 
traverse  the  conductor,  has  a  tendency  to  leap  across  to  the  pipes.  There  is, 
therefore,  every  reason  for  connecting  the  conductor  from  the  lightning  rod  to 
the  gas  and  water  pipes.  The  way  in  which  the  joint  between  the  conductor 
and  the  main  is  made  is  not  of  great  importance ;  the  two  essential  points  are 
that  the  two  shall  be  in  thoroughly  good  metallic  contact,  and  that  the  joint 
shall  have  a  fairly  large  surface.  The  connection  may  be  made  at  any  con- 
venient spot,  provided  that,  if  the  pipes  are  of  iron,  the  section  of  metal  between 
the  joint  and  the  **  earth  '*  shall  nowhere  be  less  than  100  square  millimetres 
(0*165  sq.  in.) ;  and  if  of  lead,  five  times  as  large.  Meters,  whether  gas  or  water, 
should  be  short-circuited  by  a  length  of  stranded  copper  wire. 

The  nature  of  the  joints  in  the  pipes  is  of  some  importance ;  but  actual 
experience  has  proved  that  there  is  no  risk  of  danger  to  the  pipes  if  the  joints 
are  soldered,  screwed,  flanged,  or  spigot  joints  filled  in  with  lead.  In  the  town 
of  Hanover  a  great  number  of  <'  earths  "  made  by  means  of  the  gas  and  water 
pipes  have  existed  for  over  ten  years,  and  no  damage  has  resulted  from  their 
use.  There  is  not  much  to  choose  between  gas  pipes  and  water  pipes,  though 
gas  engineers  have  raised  objections  to  the  use  of  the  former  on  the  g^nnd 
of  the  resistance  which  must  be  introduced  at  the  joints  by  the  use  of  red  lead. 

Some  actual  measurements  are  of  interest.  The  first  series  was  carried  out 
in  the  High  School  at  Hanover,  on  the  gas  pipes  in  the  building,  some  of  which 
had  been  put  up  seven  years  previous  to  the  time  of  testing,  and  others  three 
years.  The  total  length  of  pipe  tested  was  76  metres,  in  which  there  were  117 
joints,  all  made  with  red  lead.  The  total  resistance  was  found  by  experiment 
to  be  0*12  ohm ;  the  resistance  of  the  pipes  themselves,  as  calculated  from  their 
section  and  length,  was  0*086  ohm,  thus  leaving  0*034  ohm  as  the  resistance  of 
the  117  joints,  or  a  mean  of  0*0008  ohm  per  joint.  It  appears,  therefore,  that 
screwed  joints  in  iron  pipes  made  with  red  lead  give  a  sufiiciently  good  metallic 
contact.  ^^  O  " 


AB8TBA0T8.  79 

The  lecond  series  of  experiments  was  carried  out  on  large  gas  mains 
with  the  nsual  spigot  joints,  made  gas-tight  by  molten  lead  being  ran  in. 
In  order  to  obtain  the  resistance  of  the  pipes  alone,  advantage  was  taken  of 
«  main  existing  in  the  gas  works  at  Hanover,  which  was  not  bnried,  but 
zested  on  a  wooden  flooring.  This  served  also  as  a  road  for  the  tracks  laden 
with  ooal  and.  coke,  and  consequently  the  pipe  line  was  exposed  to  much 
vibration,  which  seems  to  have  loosened  the  joints,  as  very  varying  resistances 
were  obtained— «.g.,  0-016»  0*04, 10*4, 420, 0*07, 4-4,  55,  26, 40,  and  61  ohms  re- 
spectively. Six  lengths  of  pipe  of  10  cm.  outer  diameter  were  put  together 
specially,  and  the  resistance  of  the  five  new  joints  was  found  to  be  only  0*009 
olun.  The  resistance  of  the  joints  is,  however,  of  secondary  importance  in 
the  case  of  gas  mains  buried  in  the  ground,  as,  owing  to  their' large  surfeuse, 
the  ** earth"  resistance  of  even  the  first  length  or  two  will  be  much  less 
than  tiiat  of  a  joint,  so  that  the  current  will  be  earthed  before  it  has  to 
traverse  more  than  one  or  two  joints. 

The  second  portion  of  the  paper  deals  with  several  new  portable  testing 
apparatus,  which  have  been  devised  and  manufactured  by  different  firms, 
and  which  comprise  batteries,  magneto  machines,  bridges,  galvanometers, 
and  telephones  for  use  with  both  continuous  and  alternate  currents. 


J.  CHAPFUZ8  and  Q.  MAVEUVBISB— THE  MECHAKISM 
OF  BLEOTBOLYSIS  BY  MEANS  OP  ALTEENATING  CUBRENTS. 

{Com^ea  Bendvu,  Vol.  107,  p.  81, 1888.) 

The  absence  of  any  electrolytic  -  action  by  an  alternating  current  in  a 
solution  of  sulphate  of  copper,  for  example,  is  generally  explained  by  saying 
that  the  copper  deposited  on  each  electrode  by  one  current  is  immediately 
dissolved  by  the  opposite  current.  In  the  course  of  their  experiments  the 
authors  have  been  able  to  render  this  action  visible. 

.  It  would  seem  that  the  phenomenon  depends  upon  the  existence  of  a 
state  of  equilibrium  between  the  rapidity  of  decomposition  of  the  electrolyte 
and  the  rapidity  of  recombination  of  its  elements.  The  most  important 
factor  in  determining  the  rapidity  of  electrolysis  is  the  current-density. 
JSow  this  can  easily  be  increased  by  diminishing  the  surface  of  the  elec 
trodes,  the  current  being  kept  constant.  A  voltameter,  when  filled  with 
acidnlated  water,  produced  an  abundance  of  hydrogen  and  oxygen  with  a 
«nrreiit  of  2*5  amperes ;  but  on  replacing  the  acidulated  water  by  a  solution 
of  sulphate  of  copper,  no  electrolysis  was  set  up,  until  the  electrode-surface 
had  been  reduced  to  about  6  square  millimetres,  when  gas  was  evolved  and 
copper  at  the  same  time  deposited.  The  material  of  the  electrode  also 
Influences  the  result.  Of  greater  effect  is  the  number  of  alternations  of  the 
earrent.  An  alternate-current  machine  was  driven  at  increasing  speeds  so  as 
Tary  the  number  of  alternations,  while,  by  means  of  an  adjustable  resistance 
in  the  exciting  circuit,  the  current  was  kept  constant.  ^^  . 

With  188  alternations  per  second,  the  current  was  adjusted  nmfRQ^^ 
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bination  of  the  elements  just  balanced  electrolytic  action ;  on  diminishing  tbe 
number  of  alternations  to  100  per  second,  electrolysis  took  place.  Again,  the 
current^  having  188  alternations  per  second,  was  brought  to  such  a  strength  as 
to  produce,  an  abundant  development  of  gas;  when  the  alternations  were 
increased  to  178  per  second,  all  evolution  of  gas  ceased. 

The  effect  of  a  change  in  the  current-density  is  just  contrary  to  that  of  a 
change  in  the  number  of  alternations  per  second ;  therefore  even  currents  of 
small  snr&ce  density  may  produce  electrolysis  if  the  number  of  altematioDfl 
are  sufficiently  reduced.  This  explains  how  it  was  that  De  la  Rive  was  able 
even  with  a  large  electrode-surface  to  produce  electrolysis  by  means  of  the 
current  of  a  magneto  machine,  since  it  gave  only  about  50  alternations  per 
second. 


a.  MAHEmr&IBB  and  J.  CKAPPUZS-SPOKTANEOUS  EXPIiOSIOHB 
OOOURBING  DURING  THE  ELECTB0LY8IB  OF  ACIDULATED 
WATER  BY  MEANS  OP  AN  ALTERNATING  CUBBENT. 

(Comptes  Rendus,  Vol.  107,  p.  92,  1888.) 

It  has  always  been  observed  that  when  water  is  electrolysed  by  means  of 
an  alternate  current,  the  mixed  gases  in  the  voltameter  explode  sooner  or  later. 
De  la  Bive,  who  noticed  the  phenomenon,  attributed  it  to  the  catalytic  action 
of  the  platinum  black  which  he  saw  formed  on  his  platinum  electrodes. 
Bertin  attributed  the  explosions  to  the  polarisation  of  the  electrodes. 

During  the  experiments  referred  to  in  the  preceding  abstract  these  explo- 
sions were  a  constant  source  of  trouble  to  the  authors.  They  therefore  care- 
ftilly  investigated  the  phenomenon,  with  a  view  to  its  prevention.  Their  results 
show  conclusively  that  the  explosion  of  the  mixed  gases  is  brought  about  by 
the  platinum  electrodes  becoming  heated  to  such  a  point  as  to  determine  the 
recombination  of  the  dissociated  elements.  This  heating  is  due  to  three  causes, 
all  of  which  depend  ultimately  on  the  gradual  descent  of  the  level  of  the 
electrolyte  in  the  voltameter,  thus  leaving  more  and  more  of  the  electrodes  in 
contact  with  the  gases.  Firstly,  owing  to  the  smaller  surface  of  the  electrodes, 
the  current-density  is  increased;  secondly,  the  surface  resistance  is  increased ; 
thirdly,  the  cooling  action  of  the  electrolyte  is  decreased.  It  becomes,  there- 
fore, easy  to  prevent  the  explosion  by  taking  due  precautions  to  guard  against 
the  heating  of  the  electrodes. 


a.  CSAFBSOV  and  B.  MEBCABXSB— ELfiGTBO-OHEMICAL 
BADIOPHONT. 

{Bulletin  de  la  SocUU  InieruMtifmale  dee  EUctnciens,  Vol.  5,  p.  896,  1888.) 

A  rod  cast  from  sulphide  of  silver,  and  a  rod  of  pure  cilyer,  are  placed  in  an 
inactive  electrolyte,  0.9.,  acidTilated  water;  if,  then,  light  be  allowed  to  fall  on 
the  rod  of  sulphide  of  silver,  a  current  will  be  set  up.  Even  the  light  ftom  a 
candle  at  a  distance  of  5  feet  will  produce  an  appreciable^deflection  on  a 
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delicate  galvanometer.  On  open  circnit  the  sulphide  of  silyer  is  little  affected 
>7  diifosed  daylight.  Better  effects  may  he  ohtained  hy.  using  a  plate  of  sUver 
on  which  a  thin  layer  of  solphnr  has  heen  deposited  electrolytically.  Screens 
cutting  off  various  portions  of  the  spectrum  do  not  interfere  with  the  phe- 
nomenon, so  that  prohahly  a  very  large  portion  of  the  spectrum  is  capable  of 
producing  the  effect, 

W.  S.  AYSTOV  and  J.  FSRBY— EFFICIENCY  OF  GLOW  LAMPS 
WITH  DIRECT  AND  ALTERNATING  OUBEENTS. 

(PhOosophiedl  Magaxine,  Vol  25,  p.  476, 1888.) 

The  problem  to  he  solved  is  whether  a  Board  of  Trade  unit  is  more  valuable 
for  lighting  by  glow  lamps  when  the  current  supplied  to  the  consumer  is  direct 
or  when  it  is  alternating.  The  complete  solution  of  the  problem  involves  the 
factor  of  the  life  of  lamps  under  the  two  conditions,  since  the  cost  of  renewals 
ooghtto  be  taken  into  consideration;  but,  as  data  on  this  point  are  wanting, 
the  experiments  dealt  only  with  the  other  factor  of  efficiency.  By  an  ingenious 
arrangement  of  circuits  with  intercalated  resistances,  and  of  switches,  the  glow 
lamp  under  observation  could  be  supplied  either  with  the  alternate  current 
fonished  by  a  Ferranti  machine,  or  with  the  direct  current  of  the  Gramme 
exciter. 

The  currents  were  measured  by  a  specially  constructed  electro-dynamometer, 
wound  with  unusually  flue  wire,  in  order  to  obtain  as  far  as  possible  uniform 
current-density.  This  led  to  waste  of  power  in  the  instrument^  which,  how- 
ever, was  of  no  consequence  in  the  actual  investigation.  The  potential  differ- 
ence  at  the  lamp  terminals  was  measured  by  a  non-inductive  voltmeter,  and 
the  intensity  of  the  light  compared  on  a  photometer  with  that  of  a  standard 
candle,  observations  being  made  with  both  ruby-red  and  signal-green  glasses. 

It  is  known  that  with  alternating  currents  the  measured  watts  do  not 
equal  the  true  watts.    To  obtain  the  correct  value  we  have 

True  watts  =  ^  ; 

v/l«  ir«  +  r>  Ta 

and  in  this  particular  case  y^A^  is  the  square  root  of  the  mean  square  of 

the  amperes  measured  on  the  electro-dynamometer,  y/ya  is  the  square 
root  of  the  mean  square  of  the  volts  measured  on  the  non-inductive  volt- 
meter, T  is  the  time  between  one  alternation  and  the  next— ^.0.,  half  a 
complete  period—^  is  the  resistance  of  the  lamp  filament  in  ohms,  and  I  is 
its  coefficient  of  self-induction  in  secohms. 

The  observations— 75  in  number— were  made  alternately  with  the  direct 
and  with  the  altomating  current.  With  green  light,  the  alternating  current 
gave  2*857  watts  per  candle,  and  the  direct  current  2*811  watts  per  candle; 
with  red  light  the  figures  were  respectively  3*247  and  8*286.  The  mean  of  all 
the  75  observations  gave  for  the  alternating  current  3*0497  watts  per  candle, 
and  for  the  direct  current  8-0490  watts  per  candle.  This  very  small  difference 
the  authozf  consider  may  be  set  down  to  experimental  errors,  and  they  there- 
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fore  come  to  the  conclusion  that  the  efficiency  of  a  glow  lamp  is  the  flame  for 
both  direct  and  alteriAting  currents. 


O.    nSB&ABZS^ELEOTBO-BYKAMIO    BOTATION   PBOBUOED   BT 
MEAKS  OF  ALTEBNATINa  OUBBENTS. 

(Beibl&fter,  Vol.  12,  p,  542,  1888.) 

Two  currents  produce  two  magnetic  fields  in  planes  x  and  y  at  right 
angles  to  each  other,  which  act  on  a  point;  then,  if  the  currents  are 
alternating  and  follow  the  sine  law, 

»  -  A  sin.  ^,  andy  =  B  sin.  IL^^^-, 

and  if  there  is  no  phase-difference,  the  point  will  move  in  a  straight  line,  or, 
in  other  cases,  the  motion  will  be  elliptical  or  circular. 

Two  flat  coils,  the  one  with  a  few  turns  of  thick  wire,  the  other  with 
many  turns  of  fine  wire,  are  placed  at  an  angle  of  90°  to  each  other,  with  the 
windings  in  a  vertical  plane ;  the  one  is  connected  in  the  primary  circuit,  the 
other  in  the  secondary  of  a  Gaulard  &  Gibbs  transformer,  with  an  eqnal 
number  of  turns  in  each  circuit.  In  the  secondary  circuit  is  a  variable 
resistance.  Between  the  flat  coils  a  small  closed  hollow  cylinder  of  copper 
hangs  by  a  fibre.  If  the  current  passes  only  through  the  one  circuit,  the 
cylinder  remains  at  rest ;  but  if  both  circuits  are  closed,  the  cylinder  rotates  in 
one  or  the  other  direction,  according  to  the  disposition  of  the  connections. 
The  coils  may  also  be  arranged  in  two  parallel  circuits,  one  of  which  contains 
an  inductionless  resistance,  and  the  other  an  electro-magnet  with  a  large 
coefficient  of  self-induction.  The  copper  cylinder  may  be  replaced  by  one  of 
iron,  in  which  case  the  rotation  is  produced,  not  by  the  induced  currents 
in  it,  but  by  the  change  of  magnetisation ;  or,  instead  of  hanging  it  from  a 
fibre,  the  cylinder  may  be  provided  with  pivots,  and  if  made  of  sufficient  size, 
may  be  used  as  a  motor,  and  the  work  given  out  may  be  measured. 

If  the  two  sine' currents  are  of  equal  strength,  and  have  a  phase-difference 
of  a  quarter  of  an  oscillation,  the  magnetic  field  rotates  with  a  uniform 
velocity  V.  If  the  cylinder  revolves  with  an  angular  velocity  v,  and  H  is  the 
moment  of  the  couple  exerted  by  the  currents  induced  in  the  cylinder  by  the 
magnetic  field,  then  the  mechanical  work  of  the  motor  per  unit  of  time  is 
W^Mv,  and  the  work  done  in  the  cylinder  in  producing  heat  is  P  »  M  (V— v) ; 

therefore  ^      ^  i-:^.    If  the  specific  resistance  of  the  metal  of  the  cylinder 

is  8,  then  the  work  spent  m  heat  is  P  =  ft  ^ -^  where  ft  is  a  constant. 

V— w 
Hence  H  »  ft .    The  work  W  is  a  maximum  if  t*  ■>  ^  V,  and  a  minimum 

8  ^       ' 

if  V  »  0.    If  W  is  a  maximum,  then  "W  =  P.  f^r\r^n]r> 

niniri7Pri  h\/ V  t(  )OU  I  (^ 

In  another  form  of  apparatus  four  coils  are  used,  arranged  in  two  co4kxlal 
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pux%  which  form  the  vertical  sides  of  a  cnbe,  in  the  centre  of  which  the 
metal  cylinder,  or  a  quantity  of  mercury  contained  in  a  glan  vessel,  can  he 
made  to  rotate. 


J.  A.  EWXVa  and  W.  LOW— INFLUEKOE  OF  A  PLANE 
OF  TBANBYEBSE  SECTIOK  ON  THE  M AGNETIO  PEBMEABILIT7 
OF  AN  IRON  BAB. 

(Philosi^hical  Magaagine,  Vol  26,  p.  274, 1888.) 

The  hta  to  he  experimented  upon  passed  through  a  massive  yoke  of 
wrought  iron,  the  cross  section  of  which  was  more  than  a  hundred  times  that 
of  the  har.  The  lower  end  abutted  against  a  set  screw,  whilst  a  lever,  which 
could  he  loaded  to  any  desired  degree,  rested  on  the  upper  end.  The  entire  har 
was  wound  with  the  magnetising  coil,  the  current  being  furnished  by  means  of 
accumulators.  A  small  induction  coil  was  wound  at  the  middle  of  the  bar, 
and  was  connected  to  a  ballistic  galvanometer,  which  was  calibrated  in  the 
ttsoal  way  by  means  of  an  earth  induction  coil. 

The  bars  were  first  tested  in  one  piece,  then  cut  into  two,  four,  and  eight 
pieces  successively.  The  magnetic  permeability  was  considerably  diminished 
by  the  cnts,  but  could  be  made  to  re-approach  its  former  value  by  pressing  the 
parts  together,  especially  when  the  cut  surfaces  had  been  brought  to  true 
planes ;  indeed,  with  true  planes  a  considerable  force  will  destroy  the  resist- 
ance of  the  joint  almost  completely.  Even  if  a  film  of  gold-leaf  is  interposed 
between  the  iron  faces,  the  resistance  of  the  joint  is  only  very  little  more 
than  without,  if  the  surfiaoes  be  true  planes  and  the  pressure  very  considerable. 


Sp  a.  VOWLAJn  and  L.  BELL— ACTION  OF  A  MAGNET  ON 
OHEMIOAL  ACTION. 

{PhUoMophical  Magazine,  Vol,  26,  p,  105, 1888.) 
Two  small  pieces  of  iron  wire  were  embedded,  side  by  side,  in  an  insulating 
medium,  and  were  connected  to  a  galvanometer ;  the  whole  was  placed  between 
the  poles  of  a  powerful  electro-magnet  in  a  small  beaker,  which  could  be  filled 
-with  any  li«iuid.  The  end  of  one  piece  of  wire  was  bared  of  insulation  and 
filed  to  a  point ;  the  other  piece  was  laid  bare  on  a  portion  of  its  side.  Various 
liquids  capable  of  acting  chemically  on  iron  were  tried,  nitric  acid  giving  the 
beat  results.  The  experiments  tend  to  show  that  the  magnetic  field  has  a 
'protective  action  on  the  Iron,  this  being  more  especially  the  case  when  the 
attacking  liquid  does  not  evolve  hydrogen.  The  most  complete  protection 
oocun  where  the  iron  has  points  from  which  the  lines  of  force  can  radiate. 
Thus,  if  there  is  a  particle  of  iron  rather  harder  than  the  surrounding  ones, 
this  will  be  less  attacked,  and  will  result  in  a  little  elevation  from  which  the 
lines  of  force  diverge,  still  further  shielding  it,  so  as  to  produce  ultimately  a 
small  ridge.  Nickel  and  cobalt  show  the  same  phenomenon,  but  in  a  I 
eg:ree  than  iron. 
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A.  VOLLBR— EABTHING  LIGHTNING  OONDUGTOBS  BY  MEANS  OF 
GAS  AND  WATER  PIPES. 

(Elektrotechnitche  Z^schrift,  Vol,  20,  p.  473, 1888.) 

It  is  generally  assumed  that  the  path  of  the  discharge  follows  only  the  line 
of  least  resistance,  and  no  attention  has  been  paid  to  the  fact,  on  which  the 
author  insists,  that  the  direction  of  the  discharge  is  chiefly  influenced  by  the 
state  of  electric  potential  of  the  buildings  in  closest  proximity  to  the  charged 
coud.  The  better  the  connection  of  the  metallic  masses  in  buildings  is  with 
the  earth,  the  higher  will  be  the  potential  of  the  induced  electricity,  and  the 
greater  likeUhood  is  there  of  a  discharge  taking  place  between  the  doud  sad 
the  points  in  question.  Since  the  general  introduction  of  gas  and  water  pipes 
into  our  houses,  it  is  these  which  offer  the  least  resistance  between  the  roofs 
and  earth.  Hence,  if  a  charged  cloud  should  pass  over  such  a  house,  the  gss 
and  water  pipes  must  be  at  a  higher  potential,  and  there  is  much  greater 
probability  of  the  lightning  entering  the  house  throuigh  them  than  at  any 
other  point.  In  other  words,  it  is  more  likely  that  the  discharge  will  take 
place  through  the  pipes  than  through  the  lightning  conductor ;  and  if  the 
lightning  rod  is  not  connected  to  the  pipes,  the  discharge  will  find  its  way 
somehow  to  the  latter,  causing  destruction  in  its  path. 

At  the  request  of  the  'Hamburg  Fire  Insurance  Companies,  the  author 
undertook  to  inspect  cases  of  lightning-^trokes,  and  to  ascertain  the  point 
struck,  as  well  as  the  i>ath  followed.  A  great  many  interesting  cases  inyesti. 
gated  are  duly  recorded,  but  some  general  results  only  can  be  reproduced.  It 
generally  happened  that,  when  the  building  struck  was  unprovided  with  a 
lightning  conductor,  the  lightning  struck  some  part  of  the  roof  or  walls, 
found  its  way  to  the  gas  and  water  pipes,  and  then  passed  harmlessly  to 
earth.  In  the  few  cases  where  lightning  struck  a  buUding  fitted  with  a 
lightning  conductor,  the  discharge  jumped  over  from  the  conductor  to  the 
pipes.  In  fifteen  cases  which  were  specially  investigated  in  the  years  1884  and 
1888,  after  the  lightning  had  done  more  or  less  damage  at  the  point  where  it 
struck,  and  in  the  immediate  neighbourhood,  it  was  found  that  in  nine  cases 
the  discharge  made  its  way  to  earth  through  the  water  pipes,  in  two  cases 
through  the  gas  pipes,  in  two  cases  through  rain  pipes,  in  one  case 
probably  through  the  lightning  conductor  of  a  telephone  line  on  the  next 
house,  and  in  one  case  through  an  iron  crane.  In  all  cases  where  the  pipes 
were  the  conductors,  the  path  of  the  discharge  could  be  clearly  traced  up  to 
them,  and  then  ceased.  One  of  the  cases  of  discharge  through  the  gas  pipes 
occurred  in  an  ordinary  dwelling Jiouse  provided  with  a  lightning  conductor, 
from  which  the  discharge  had  passed  over  a  distance  of  about  2  metres  to 
the  pipes ;  subsequent  tests  showed  that  the  conductor-earth  had  a  resistance 
of  188  ohms.  In  no  case  was  any  damage  done  to  the  pipes  by  the  discharge 
occurring  through  them. 

Digitized  by  VjOOQ iC 


86 


LIST   OF   ARTICLES 

BELATDTG  TO 

ELECTRICITY   AND   MAGNETISM, 

Appearing  in  some  of  the  principal  Teohnical  Journals  during  the  month  of 


JANUARY,  1889. 


AHB  ACCUHULATOBB. 

A.  Vqludi^E.M.F.  of  Flexning'B  Standard  Daniell  Cell.— Bstbldtter,  vol.  18, 

p.  47, 1889. 
Ahov.— Sharf'8  Gas  Battery.— iiiMn.  J^.,  vol.  81,  p.  79, 1889. 
Ahoh.— Wright's  Dry  Battery.— Lmiii.  M^  vol.  81,  p.  187, 1889. 
A.  DB  Waltinhofbn— The  Accomolators  of  l^rbaky  and  Schenek.— Irtim.  £{., 

ToL  81,  p.  142, 1889. 
C.  Hum— Use  of  Accumulators  in  Telegraphy.— £1.  Zeii,  vol.  10,  p.  41, 1889, 


ZZ.— BTVAK08   AHB   MOTOB8. 

F.  LAXXoqui — ^Ancient  Jifachines  for  Producing  Electricity.— Lum.  EI.,  vol.  81, 

p.  27,  1889. 
W.  C.  BscHNiEwsKi— Changes  in  the  Magnetic  Flux  in  Alternate-Current 

Hachines.— Zfum.  £{.,  vol.  81,  p.  101, 1889. 
O.  BiCHiJiD— Details  of  Dynamo  Construction.— littm.  JSl.,  .toI.  31,  p.  120, 1889. 
O.  H.  SohxQllsb — ^Construction  of  Dynamos  to  obtain  Best  Besults.— £1.  laii., 

▼ol,  10,  p.  34,  1889. 


Xn^BZJEBCTSO-CSEMISTBY  AHD  BLSCTBO  -  METALLUBGY. 

F.  QuiHCU— Electrolysis  of  Copper  Chloride.— iinnoZan,  vol.  36,  p.  270,  1889. 
£.   Drechsbl— Electrolysis    of    Phenol    by  Alternate    Currents.— S0{&laii«r, 
vol.  18,  p.  27,  1889. 

E.  Dabchsbl— Electrolysis  by  means  of  Alternate  Currents.— B9t&lati«r,  vol.  18, 

p.  28, 1689. 

F.  H.  LiDiBOEK— Bleaching  by  Electricity.— in«m.  El,  vol.  81,  p.  151, 1889. 
W.  BE  FoNVttLLa— Jacobi's    Invention  of  Electro  -  Deposition.— Imm.    E7,, 

VOL  81,  pc  189,  1889. 


ZV.- Sl^SCTBZC   UaMT. 

A.  Paljlz — ^Unit  of  Light  and  Photometric  Standards. — Lwn.  £1.,  vol.  31,  p.  109, 

1889. 
Akov.— Portable  Eleetrio  Light  Plant.— Xum.  El,,  vol  81,  p.  131,  1889. 
Avoir.— Installation  at  the  Theatre  at  Prague.— Ltm.  El.,  vol.  81,  p.  184, 1889. 
Avon.— Installations  in  Germany  by  Schuckert  St  Co.— £1.  ZgU.,  vol.    10, 

p.  21, 1889. 
Camcs- Installation  at  the  Bon  March^.- BuZl.  Boe.  Int.  da  Electa  vol.  6,  p.  11, 


86  ABTIGLEB  BELATING  TO  ELEOTBIGITT,  JBio. 

V.-XLaOTBXC  POWSB. 

Akok.— J&lectrio  TramwayB  at  Hamburg.— £iim.  £1.,  vol.  81,  p.  178, 1S89. 
A.  Du  Boii-BmnnrD — ^Difficulties  attending  the  Trammiuion  of  Power  by 
meanf  of  Alternate  Gnrrents.— £1.  ZHt.^  vol.  10,  p.  1,  1889. 


▼z.-KAenTxnK  jjm  aLBCTBO.XAcnranm. 

E.  H.  Hald— Action  of  Magnetic  Force  on  the  Equipotential  Lines  of  an 

Electric  Current.— Btiblo^ttfr,  vol.  18,  p.  82, 1889. 
Ii.  KtfLp— Experiment!  on  Magnetic  Coercive  Force.— JB«<blcUt0r,  yol.  18,  p.  84, 

1889. 
C.  BnomiB— Magnetic  Induction  of  Iron.— Xtm.  M,y  vol.  81,  p.  170, 1889. 


An  xEABUBora  imTBmEsvm. 

Dr.  J.  A«  Flimino— New  Form  of  Standard  of  Electrical  Besistance.— Pfctl. 

Mag.,  yol.  27,  p.  ^,  1880. 
F.  J.  Smith— Continuous  Heat  and  Electric-Current  Measuring  Instrument — 

Pha.  Mag.,  vol.  27,  p.  28,  1889. 
J.  W.  W.  Waohokn.— Determination  of  Electro-magnetic    Capacity.— P^a, 

Mag,,  vol.  27,  p.  69, 1889. 
E.  DoBN— Determination  of  the  Ohm.^Annalen,  vol.  86,  p.  22,  1880. 
BxLLkTi  and  Lubsaka- Passage  of  Electric  Currents  through  Bad  Jjntaets,— 

BeihlSUer,  vol.  18,  p.  21, 1889. 
A.  lyABSOMVAL— Universal  Dead-Beat  (Galvanometer.— 2>um.  El,  vol.  81,  p.  13, 

1889 ;  Bull,  Boe.  Int.  des  Elect.,  vol.  6,  p.  6, 1889. 
BiCKia,  Lahmxteb,  and*FicARD — ^Photographic  Becords  of  Electric  Currents. — 

Lum.  El.,  vol.  81,  p.  18,  1889. 
A.  Paalzow— Measurement  of  the  Besistance  of  a  Conductor. — Lum.  El.,  vol.  31, 

p.  80, 1889. 
Eipp  and  Zonih— Electro-Dynamometer  for  Measuriog  Telephonic  Currents. — 

Lum.  El.,  vol.  81,  p.  81, 1889. 
C.  Dmhauii — Some  New  Forms  of  (Galvanometers. — Lum.  El.,  vol.  81,  pp.  70 

and  127,  1889. 
Axon.— Edison's  Electrolytic  Meter.— Irum.  El.,  vol.  81,  p.  180, 1889. 
P.  NiPKOW— Electro-Dynamometer  for  Alternate  Currents. —JR.  Zeit.,  vol.  10, 

p.  28, 1889.  

VZn.— BAILWAT   A7PLXAMCSS. 

E.  ZiTSCRS— Couplers  for  Conductors  on  Trains.— Lum.  El.,  vol.  81,  p.  159, 1889. 
M.  CossicAHif- Metzger'i  Automatic  Signalling  Apparatus.— LiMn.  £1.,  vol  81, 

p.  164, 1889. 
Anok.— Siemens  &  Halske's  Alarm  Signal  for   Level   Crossings.- £7.  Z«ti., 

vol.  10,  p.  89,  1889. 


ZX— STATIC  AMD   ATM0B7SBBZC   SLXCTBZCZTT. 

Edluhd— Some  Theories  of  Atmospheric  Eleotricity.«»Bst&lait0r,  vol.  18,  p.  48, 


ABTIOLES  BEIiATINa  TO  ELBOTBIOITT,  Era  8? 

A.  Palaz— Oonstraotion  of  Idghtning  Ck»idticton.-^Lum.  Sk,  vol.  81,  p.  58, 

1889. 
G  WnHSft— Qyclonei  and  Watenponti.— £iim.  ISl.,  toI.  Bl,  P-  75, 1889. 


Jjm  TBLXFBOVT. 

£.  Zrscei— Domestic  Telephony .^Lum^  El,^  vol.  81|  p.  28, 1889. 

AaoN.— Use  of  Telephonic  Conductors  for  Synchronising  Olocks.— £iim.  El^ 
vol.  31,  p.  82,  1889. 

ScHiKFiB^Kew  Iron  Telegraph  Post^^Xum.  El,,  toL  81,  p.  88, 1889. 

F.  LAiBoqui— Permanent  Effects  produced  in  Copper  Conductors  by  a  Long- 
continued  Passage  of  a  Current.— JHim.  JR.,  vol.  81,  p.  161, 1889. 

B.  PmcH— Automatic  Call  and  Conclusion  Signal  for  Telephone  Exchanges. 
— K.  ZeU.y  voL  10,  p.  12, 1889. 

T.  J),  IfOCKWoon-^pparatus  for  DiminiBhing  Induction.— El.  Zeii,,  Tol.  10, 
p.  U,  1889. 

Anoh.— The  Swiss  Telephone  System.— £{.  Zeit,  yol.  10,  p.  46, 1889. 

Dr.  S.  B.  Wbxxlxbp— Orerhead  and  Underground  Conductors  in  New  Tork.— 
BuO.  Boe.Int.d64  Elict.,  vol.  6,  p.  22, 1889. 


ZZ.~TSEOBT. 

0.  HiiTisiDK— Maxwell's  Electro-magnetic  Equations  in    a  Homogeneouf 

Isotropic  Medium.— P^a,  Mag.,  yol.  27,  p.  29, 1889. 
Prof.  J.  y.  Jonxs— Calculation  of  the  Coefficient  of  Mutual  Induction  of  a 

Circle  and  a  Coaxial  Helix.— P7mI.  Mag,,  vol.  27,  p.  66, 1889. 
J.  Pabub— Thermo-electric  Phenomenon.— P^tl.  Mag.,  toI.  27,  p.  72,  1889. 
H.  Hkstz — The  Forces  of  Electric  Oscillations.-^nfial#n,  toI.  86,  p.  1, 1889. 
W.  G.  HiLiixBir— The  Electro-dynamic  iMW^AnnaUn,  vol.  86,  p.  78, 1889. 
(}.  P.  Gbdcaldi— Effect  of  Annealing  on  the  Thermo-electric  Properties  of 

Bismuth.— Bat&Zafter,  vol.  18,  p.  25, 1889. 
J.  L.  Loan— Action  of  Electricity  on  Steam.- B^lattir,  toI.  18,  p.  87, 1889. 
C.  £.  GuiuAUia— Notation  and  Symbols.— JCt^m.  El.,  vol.  81,  p.  10, 1889. 
J.  and  P.  Cuan— Electric  Expansion.— £um.  El,  toI.  81,  p.  60,  1889. 


Zn.— VABZOUS   A7PLXAVCES. 

W.  Da  FoHViiicE— Applications  of  Electrolysis  in  Operative  Surgery.— Lum. 

El.,  Tol.  81,  p.  48, 1889. 
G.  BiCHAED— Some  Mechanical  Applications  of  Electricity.— Lum.  El.,  yol.  81 

p.  54, 1889. 
Ahov.— Electric  Mine-Exploders.— Ltim.  El.,  yol.  81,  p.  76, 1889. 
M.  MoRiFaLLiXBp— Fire-Alarms.— Lum.  El.,  yol.  81,  p.  78, 1889. 
W.  na  FoHyntu— Death  by  Electricity.— Ltim.  El.,  yol.  31,  p.  90, 1889.  OOQ Ic 
P.  Saitobl— Maximum  Thermometer.— Lumw  El.,  yol.  81,  p.  169, 1889. 


NOTICE. 


1.  The  Society's  Library  is  open  to  members  of  all  Scien- 

tific Bodies,  and  (on  application  to  the  Secretary)  to 
the  Public  generally. 

2.  The  Library  is  open  (except  from  the  14th  August  to 

the  leth  September)  daily  between  the  hours  of  11.0  a.m. 
and  8.0  p.m.,  except  on  Thursdays,  and  on  Saturdays, 
when  it  closes  at  2.0  p.m. 


Jn  Index,  eompUed  by  the  late  Librarian^  to  the  first 
ten  volumes  of  the  JowmaiL  eon  be  hctd  on  appUoatian  to 
the  Secretary,  or  to  Messrs.  E.  and  F.  JiT.  Spon^  125,  Strand, 
W.C.    Price  Two  ShUlinjge  and  Sixpence. 


Digitized  by 


Google 


JOURNAL 


OF  THE 


Snstiinixan  ai   ^hcixicTxl   ^xiQinnxB. 

Founded  1871.    Inearparated  1883. 


Vol.  XYIII.  1889.  No.  78. 

The  One  Hundred  and  Eighty-fifth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  14th,  1889— Dr.  John  Hopkinson,  M.A.,  F.R.S., 
Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
Janoary  24th,  1889,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Students  to  the  class  of  Associates — 

Charles  Alfred  Baker.  |  Frederick  Bathurst. 

Gustav  H.  C.  Risch,  jun. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Mr.  Charles  Todd,  C.M.G. 
(Local  Hon,  Sec.  for  South  Australia),  and  Mr.  A.  C.  Swinton, 
Associate,  to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

The  Chaibman:     We  will  now  resume   the  discussio^   on 
Ptofe»Bor  Jamieaon's  paper  on  **  The  Insulation  of  Electric  Lig^ 
VOL,  xvin.  7 
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"Installations."     A    letter    has   been   received    from  Professor 
Jamieson,  which  the  Secretary  will  read. 

The  Secretary:  I  have  received  a  letter  from  Professor 
Jamieson,  which  he  has  requested  me  to  read  to  the  meeting 
before  the  discussion  is  resumed,  as  it  has  some  bearing  on  the 
paper.    It  is  as  follows : — 

Fehmoiry  Ulh,  1889. 

Deab  Sir,— Since  the  Council  have  given  a  farther  opportunity  for  dis- 
cussing my  paper  on  *<  The  Insulation  Reffstance  of  Electric  Lighting  Circuits," 
I  would  like  if  you  would  kindly  point  out  to  the  meeting,  on  my  hehalf,  that 
in  my  paper  I  intentionally  confined  my  remarks  to  infulotton  retUtamcB,  and 
to  the  rules  as  well  as  methods  of  testing  for  the  same,  as  far  as  they  were 
known  to  me.  I  purposely  avoided  saying  anything  ahout  insuZaiton,  or  the 
different  kinds  of  intvXaJting  maiteriaU,  or  the  different  ways  in  which  they  are 
made  and  erected,  &c.  To  have  done  so  would  have  defeated  the  object  of  the 
paper,  viz.,  to  find  out  what  is  the  minimum  insulation  resistance  which  we 
may  with  safety  allow  an  installation  to  have  without  considering  it  below 
par,  and  what  are  the  simplest  and  best  methods  of  ascertaining  the  insulation 
resistance  of  the  various  circuits  h^w  and  after  the  installation  has  been  set 
to  work. 

If  I  had  treated  on  insulation  and  insulating  materials,  &c.,  I  might  have 
written  a  treatise  on  the  subject  and  not  have  exhausted  it,  and  the  dis. 
eossion  could  easily  have  been  continued  for  many  nights  without  covering 
the  whole  ground  or  coming  to  a  decision. 

In  regard  to  testing,  there  seems  to  be  a  popular  belief  that  it  is  neces- 
sary to  employ  as  high  an  E.M.F.  as  the  working  current  when  actuallt 
ascertaining  the  insulation  resistance.  This  is  not  the  case,  as  old  submarine 
cable  electricians  know  very  weU.  If  you  have  a  sensitive  mirror  galvan- 
ometer and  a  few  ordinary  chloride  of  silver  or  Leclanch^  cells,  you  will  be  able 
to  tell  quite  as  well  as  if  you  had  100  or  more  cells  and  a  less  sensitive  galvan- 
ometer, what  the  real  resistance  is.  Of  course,  if  you  wish  to  submit  the  core 
or  cable  to  an  electrical  stress  equal  to  or  greater  than  that  of  the  working 
current,  you  may  do  so,  but  you  would  not  keep  your  testing  galvanometer 
and  resistance  coils  in  circuit  at  the  time  of  applying  this  stress  P 

"What  I  maintain  is  this — ^that  we  can  ascertain  the  actual  insulation 
resistance  in  ohms,  or  the  position  of  a  fault,  with  great  accuracy  and  ease 
by  using  only  a  few  cells  and  a  sensitive  mirror  galvanometer.  I  have  never 
used  anything  else  than  a  mirror  galvanometer  with  which  to  take  the  insula- 
tion  resistance  of  electric  light  circuits,  and  I  have  employed  it  in  the  most 
awkward  positions,  such  as  cable-huts,  engine-rooms  in  ships  and  on  shore, 
bunks,  cellars,  stores,  &c,  A  couple  of  ordinary  chairs  serves,  the  one  to  support 
the  galvanometer  and  the  other  the  scale.  Galvanometer,  lamp,  scale,  and 
key  all  go  into  one  small  case,  and  the  whole  can  be  carried  by  the  little 
finger,  and  swung  round  the  head  at  arm's  length  without  affecting  the  fine 
cocoon  silk  suspension !  In  five  minutes  after  arrival  at  the  spot  where  the 
tests  have  to  be  taken  I  have  got  a  spot,  and  in  two  minutes  after.  I  have  got 
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tiie  resistance  the  whole* it  packed  and  ready  to  he  taken  away.    If  you  wish 
a  sketch,  I  will  send  one  for  the  Joarnal. 

I  am,  dear  Sir, 

Yours  faithfully, 

ANDREW  JAMEESON. 
P.  H.  Wbbb,  Esq.,  Becretary. 

The  Secretary  :  I  have  received  a  short  communication  from 
Mr.  Smellie,  who  is  the  electrician  for  Messrs.  Denny  &  Co.,  and 
who  was  referred  to  in  Professor  Jamieson's  paper.  He  regrets 
he  could  not  come  to  town  to  take  part  in  the  discussion,  and 
TOtes  as  follows  : — 

"ite  Professor  Jamieson'9  Paper — Insulation  Resistance. 

"  The  instrument  used  by  me,  and  referred  to  by  Professor 
^^  Jamieson,  is  not  quite  correctly  described. 

^  It  consisted  of  one  of  the  small  hand-magnet  generators  uded 
*^  by  the  telephone  companies,  in  conjunction  with  a  small  vibrating 
*^  needle  *  tell-tale '  used  in  Wheatstone  ABC  exchanges  before 
*'  the  advent  of  telephones,  serving  to  show  the  operator  when 
^  two  lines  were  speaking ;  and  was  much  more  sensitive  than 
**  any  polarised  bell  I  have  yet  seen*  Since  then  it  has  been  in 
^  constant  use,  and  although  the  magnets  are  weaker  than  they 
"  were  at  first,  it  is  still  capable  of  ringing  through  16,000  to. 

"  The  value  of  an  instrument  of  this  description  can  only  be 
^*  appreciated  by  those  who  have  been  accustomed  to  use  a 
"  detector  galvanometer  and  battery,  which  gets  out  of  con- 
"  dition  or  is  upset,  often  when  most  needed. 

"  Regarding  the  total  insulation  resistance  of  E.L.  systems, 
^  I  would  suggest  that  the  I.R.  should  be  given  per  lamp^  as  a 
"  means  of  comparison  between  installations  of  different  sizes. 

"At  the  time  the  Professor  refers  to  I  was  obtaining  from 
^*  30  to  35  A  per  light,  but  since  then  have  got  as  high  as  95  il 
"  on  board  ship.  With  the  same  men  and  quality  of  material, 
*'  the  I.R.  of  installations  on  shore  far  exceeds  this. 

"  The  value  of  a  test  taken  with  a  low  battery  E.M.F.  and 
^  reflecting  galvanometer  vanes  with  the  dew  point,  and  raises 
"  considerable  difficulty  in  making  a  fair  comparison  of  any  tw0[e 
"  installations. 
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"  However  satisfactory  sucli  a  test  would  be  with  a  submerged 
"  cable,  whose  conditions  are  constant,  it  is  by  no  means  suitable 
"  for  a  system  of  electric  light  leads  that  varies  from  day  to  day 
"  according  to  atmospheric  conditions,  and  thereby  renders  all 
''  tests  made  in  this  manner  useless  for  comparison. 

^'  Being  dissatisfied  with  this  method,  I  have  made  it  a 
"  practice  to  use  a  *  breakdown  '  E.M.F.  of  700  volts  on  installa- 
"  tions  for  100-volt  lamps  :  this  gives  a  &ctor  of  safety  of  seven, 
"  and  the  high  potential  quickly  decomposes  the  moisture  which 
"  may  exist,  without  sensibly  heating  the  conductors. 

^^  The  total  leakage  may  then  be  measured,  and  the  total  I.R. 
**  calculated  therefrom. 

"  Contractors  might  demur  at  this  being  insisted  on,  on 
^^  account  of  a  sufficiently  high  potential  current  being  unobtain- 
"  able ;  but  this  is  easily  got  over  by  using  a  small  coTistant 
"  curreTit  trcmsformer  having  a  ratio  of  7  to  1,  and  eocdted  by  the 
"  dynamo  for  the  installation. 

^^  A  test  of  this  kind  gives  a  satisfaction  which  no  other 
^^  method  can,  and  I  feel  sure  would  assist  in  regaining  the 
^^  public  confidence,  which  has  been  sadly  shaken  from  time  to 
**  time  through  failures  caused  by  indifferent  workmanship, — ^not 
"  due  to  the  indifference  of  contractors,  but  to  workmen  without 
^  a  conscience." 

The  Chairman  :  Mr.  W.  H.  Preece  will  perhaps  resume  the 
discussion  ? 
Mr.  Prcecc.  Mr.  W.  H.  Preece  :  I  should  like  to  make  one  or  two 
remarks  on  this  paper  from  the  user's  point  of  view.  Something 
was  said  in  the  letter  which  has  just  been  read  from  Professor 
Jamieson  from  the  contractor's  point  of  view,  but  it  is  a  very 
different  thing  indeed  when  this  question  is  looked  at  from  the 
result  of  the  experience  of  a  few  months'  or  a  few  years'  working. 
One  of  the  most  serious  evils  that  followed  the  introduction 
of  the  electric  light  into  England  was  the  indifferent  work  that 
accompanied  it  in  the  early  days,  and  the  very  imperfect  material 
used  for  the  purpose.  I  have  been  told  myself,  by  one  of  our 
old  manufacturers,  that  he  has  absolutely  refrised  to  execute 
orders  that  have  been  put  into  his  hands  for  very  indifferent  wire 
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intended  for  electric  light  installations ;  and  I  am  quite  certain  Mr.  Preeoe. 
that  the  first  role  that  is  to  be  followed  in  the  installation  of  any 
electric  light   equipment,  and  in  instituting  any  regulation  to 
determine  the  insulation  resistance  of  that  equipment,  is  to 
specify  that  none  but  the  very  best  materials  shall  be  used. 

Now  the  conditions  that  determine  the  quality  of  materials, 
and  the  tests  that  have  to  be  made  upon  those  materials  in 
electric  light  and  transmission  of  power  installations,  is  a  very 
different  thing  indeed  to  that  which  determines  the  installation 
of  telegraphs  and  telephones.  In  an  electric  light  installation 
the  conductors,  during  the  time  the  light  is  going,  are  under 
a  constant  electro-motive  force ;  and  where  the  smallest  leak 
is  present  under  the  existence  of  moisture  and  of  a  constant 
electro-motive  force,  the  breakdowA  of  the  wire  is  simply  a 
question  of  time.  I  have  been  astounded  to  find  the  quickness 
with  which  electric  light  currents  ferret  out  a  fault  and  destroy 
the  wire.  There  is  no  place  where  faults  occur  so  much,  for 
instance,  as  in  stables,  where  ammoniacal  vapours  are  constantly 
about,  which  assist  in  the  rapid  destruction  of  conductors.  When 
there  is  the  smallest  leak,  and  a  current  constantly  passing 
through  that  leak,  electrolytic  action  is  set  up,  nascent  oxygen — 
or,  rather,  ozone — ^is  produced  at  the  point  of  leakage,  and 
ozone,  as  it  is  produced,  has  a  destructive  influence  very  similar 
to  burning  on  organic  substances.  When  you  examine  a 
conductor  that  has  been  broken  down  in  this  way,  it  is,  for  all 
the  world,  exactly  like  the  result  of  a  flash  of  lightning.  I  have 
often  heard  it  said  that  underground  wires  and  wires  of  different 
kinds  have  been  broken  down  by  lightning,  because  they  bore 
the  distinct  marks  of  burning,  of  something  very  likely  to  happen 
with  a  flash  of  lightning ;  but  I  have  been  able  to  find,  in  many 
instances^  that  it  has  been  really  due,  not  to  flashes  of  lightning, 
but  to  the  development  of  ozone  at  the  leakage,  and  to  the  eating 
away  and  destruction  of  the  hydro-carbon  that,  as  a  rule,  forms 
the  dielectric.  Therefore  it  is  that  faults  of  this  class  axe 
developed  so  very  rapidly  under  the  influence  of  electric  light 
installations,  and  so  it  is  that  it  is  most  essential  that  we  should 
exercise  great  care  in  the  selection  of  our  materials,  and  in  their 
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Mr.  Preeoe.  being  tested  before  they  are  erected.  Then,  again,  we  mnst 
remember  this — ^that  in  all  electric  light  installations  there  are  a 
number  of  positions,  a  number  of  localities,  that  are  them- 
selves identical  with  faults,  such  as  switch-boards,  the  dynamo 
itself,  -cut-outs,  and  fixings ;  also  the  frames  of  arc  lamps,  and, 
worst  of  all,  gas  fixtures.  It  follows  from  this  that  with  an 
Installation  practically  full  of  faults  at  all  points  there  must  be  a 
distinct  rule  for  deciding  what  shall  be  the  minimum  insvlatioTi 
resistance  to  be  given  to  the  installation  under  the  worst  cir- 
cumstances ;  and  I  take  it  that  the  principal  point  of  Professor 
Jamieson's  paper  that  he  has  brought  stjrongly  before  us  is  his 
own  personal  view  of  what  should  be  the  minimum  resistance 
that  under  any  circumstances  should  be  allowed. 

We  tried  to  battle  with  this  question  when  the  Committee  of 
the  Society  of  Telegraph  Engineers  discussed  the  question  of  fire 
risks,  and  a  rule  was  established,  which  was  defended  on  the  ladt 
occasion  by  Mr.  Crompton,  and  who  said — ^with  which  I  fully 
agree — ^that  now  with  our  present  experience  we  might  rather 
enlarge  that  rule,  and  instead  of  defining  the  leakage  that  should 
be  admitted  as  being  1 -5,000th  of  the  maximum  output  of  the 
installation,  we  might  very  well  raise  it  to  l-10,000th  part.  If  we 
did  that,  we  should  bring  the  leakage  allowable  more  near  to  the 
law  and  formula  of  Professor  Jamieson. 

This  subject,  although  it  has  not  been  received  with  quite 
the  feeling  that  one  would  have  expected  from  so  many 
engineers  who  are  associated  not  only  with  the  maintenance 
but  with  the  construction  of  these  installations,  has  met  with 
a  considerable  amount  of  attention  in  America.  There  they 
are  ikr  ahead  of.  us  in  the  practical  development  of  electric 
lighting  ;  there  the  absolute  necessity  of  having  some  rule 
to  determine  the  minimum  insulation  resistance  has  forced 
itself  forward,  and  I  think  it  was  there  that  Mr.  Leonard  was 
the  first  to  initiate  a- rule  that  has  been  the  basis  of  several 
others.     His  law  was  that  the  insulation  resistance  ^Bj)  should 
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be  equivalent  to  K  p,  K  being  a  constant  multiplied  into  a  frac- 
tion having  the  electro-motive  force  as  its  numerator  and  the 
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current  as  its  denominator.  That  formula  has  been  taken  up  by  Mr.  vreem. 
M.  Picou  in  France,  and  it  is  the  basis  of  the  formula  that 
Professor  Jamieson  has  given  us ;  but  Professor  Jamieson  has 
Tery  properly  replaced  the  denominator  C  for  current  by  n  for  the 
number  of  lamps.  The  current  may  be  constant,  but  the  lamps 
may  be  in  series,  and  therefore  vary.  Take,  for  instance,  a  Brush 
arc  circuit  with  60  lamps :  the  current  is  constant ;  the  number  of 
volts  does  not  depend  upon  the  current  in  any  way,  but  upon  the 
number  of  lamps.  Hence  the  denominator  should  be  7i,  the 
nmnber  of  lamps,  Mid  not  the  current  flowing.  There  is  another 
element  that  enters  into  this  question  that,  I  think,  has  not  been 
touched  upon  by  Professor  Jamieson,  and  a  very  important  one  it 
is.  Professor  Jamieson's  paper  has  been  written  from  the  point 
of  view  of  examiuing  the  insulation  resistance  of  an  indoor  instal- 
laticm  ;  and  if  simply  an  indoor  installation  be  considered,  then 
probably  that  formula  will  answer  very  well.  But  it  is  not  indoor 
installations  that  are  going  to  give  us  trouble ;  the  trouble  is  going 
to  arise  from  exterior  installations.  We  are  going  to  see  great 
advances  in  electric  lighting ;  we  shall  see  in  the  next  two  years, 
say,  nearly  every  town  of  any  consequence  in  the  United  Kingdom 
taking  up  the  subject  of  electric  lighting.  The  whole  atmosphere 
is  now  simply  redolent  with  electric  lighting,  and  it  only  wants 
the  purse-strings  of  our  London  capitalists  to  be  undone  to  find 
every  town  in  this  country  swarming  with  electric  light  engineers ; 
and  when  that  is  the  case— which  will  be  the  case  in  a  very  few 
months'  time— *it  will  not  be  alone  the  insulation  of  installations 
of  the  interior  of  buildings  that  we  shall  have  to  think  about, 
but  it  will  be  those  circuits  that  will  be  carried  round  about 
onr  towns,  and<^ur  sparsely  inhabited  villages  and  places,  where 
insulation  will  be  a  matter  of  very  serious  consequence— insu- 
lation not  alone. for  the  safety  of  the  electric  circuit,  but  also 
for  the  safety  of  the  public — and  it  is  here  where  a  rule  of 
some  kind  is  wantedL  It  is  in  outdoor  circuits  where  really 
some  rule  ift  necessary.  Those  who  have  studied  Provisional 
Orders,  and  those  who  have  studied  the  Acts  of  Parliament, 
well  know  that  it  will  rest  upon  the  local  authorities  toJ^Cidde 
what  shall   be  a  defective  main  or  what  shall  be  a  defective 
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Mr.Preeee.  conductor;  and  how  is  it  possible  for  these  authorities,  scat- 
tered all  over  the  country,  to  decide  what  is  a  defective  main 
or  what  is  a  defective  lead,  if  we,  the  Institution  of  Electrical 
Engineers,  are  not  able  to  define  some  law  that  shall  decide  the 
difference  between  a  bad  and  a  good  conductor  ?  I  think  that 
this  formula  is  the  basis  of  a  very  good  law.  I  think  that  it  is 
perfectly  certain  that  the  insulation  resistance  must  vary  directly 
with  the  electro-motive  force.  We  have  installations  of  50  volts, 
of  100  volts,  of  2,500  volts,  and  in  one  instance  it  is  proposed  to 
go  as  high  even  as  10,000  volts,  and  it  is  perfectly  clear 
that  the  insulation  resistance  of  an  installation  must  increase 
directly  with  the  electro-motive  force.  Then,  again,  it  must 
depend  upon  the  number  of  lamps,  for  every  lamp  is  a  &ult. 
Again,  especially  with  aerial  wires,  it  must  vary  with  the  length 
of  the  circuit,  and  particularly  so  in  the  case  of  those  circuits 
that  are  used  for  high  pressure — arc  circuits.  I  have  a  case  in  my 
mind's  eye  at  the  present  moment  where  we  shall  have  to  light 
up  a  series  of  rows  and  streets  where  the  circuit  must  be  twenty 
miles  long.  It  is  very  evident  that  with  a  circuit  twenty  miles  long 
you  must  have  a  constant  that  will  give  you  the  same  insulation 
for  the  whole  circuit  as  for  one  mile  long ;  so  that  I  say  for  such 
circuits  we  must  introduce  in  this  denominator  the  function 
of  length.  The  lamps  should  be  represented  by  N  +  1,  the 
length  of  the  circuit  by  L.  I  say  N  +  1,  because  if  we  gave  N 
nothing  the  formula  would  be  absurd,  but  by  making  it  N  +  1 
we  deal  with  all  cases.    The  formula  would  therefore  be 

p  —  TT         ^ 

^^-  ^  L(N  +  ly 

Now,  then,  we  have  only  to  determine  what  the  coefficient 
K  shall  be.  Professor  Jamieson  says  it  should  be  100,000. 
In  America,  for  a  somewhat  similar  formula,  they  have  made 
it  as  low  as  1,000;  but  on  this  point  it  is  really  a  question 
of  experience,  and  I  would  ask  every  electrical  engineer 
present  who  has  an  electric  light  installation  under  his 
charge  to  measure  the  insulation  resistance,  and  to  transmit 
the  results  to  the  Secretary  for  publication  inr^the  Journal 
of  Proceedings.     If  he  does  so,  he  will  give  us^  tne  oppor- 
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tonitj  of  being  able  to  say  to  local  authorities,  "  Now  there  is  Mr.  Pweoe. 
"  a  formula  which  you  have  to  follow :  the  coefficient  K  shall  be 
"one  thing  for  high-pressure  arc  circuits,  it  shall  be  another 
"thing  for  alternate-current  circuits,  it  shall  be  a  third  thiug 
"  for  low-pressure  circuits ; "  and  we  can  make  it  agree  with  every 
condition  that  may   arise.     Speaking  from  experience  in  the 
Poet  Office,  and  in  telegraphs   generally,  we  have  absolutely 
neglected  the  testing  of  interior  installations,  for  we  never  meet 
with  &ults  there.    We  do  not  require  to  go  wandering  about 
the  country  with  a  mirror  galvanometer  that  you  can  "swing 
"round  your  head  by  the  aid  of  your  little  finger;"  we  have 
instruments — ^galvanometers — of  real  practical  character,  that  will 
enable  us  to  see  whether  the  wires  are  good  or  whether  they  are 
bad.     In  electric  light  installations,  or  any  other  installations,  if 
wires  are  properly  tested  before  they  are  erected,  and  if  they  are 
occasionally  tested  to  see  that  no  faults  exist,  I  am  inclined  to 
think  that  our  duty  as  electrical  engineers  is  fulfilled ;  but  what 
we  really  do  want  is  this — ^that  we  shall  be  able  to  submit  to  local 
authorities,  and  to  such  powers  as  the  Board  of  Trade,  some 
formula  that  shall  enable  them  to  decide  what  the  insulation 
shall   be  for  circuits  when  used  for  arc  lighting  under  high 
pressure,  for  glow  lamps  under  low  pressure,  or  for  alternate 
systems  under  pressures  varying  from  1,000  to  10,000  volts;  and 
we  can  only  arrive  at  the  proper  value  of  the  coefficient  K  if  we 
are  assisted  by  all  those  electrical  engineers  who  have  installa- 
tions under  their  charge  and  will  send  to  us  the  results  of  their 
measurements.    I  ought  to  say  this — ^that  on  searching  through 
my  papers  to  find  any  illustration  of  a  test,  I  have  only  come 
across  one,  and  that  is  the  Post  Office  at  Crlasgow,  which  has  been 
lighted  by  electricity  for  the  last  four  or  five  years.    Becently 
we  had  a  fire  on  the  roof  there— a  pure  accident,  nothing  to  do 
with  the  electric  lighting,  although  it  was  in  the  electric  light 
leads ;  but  we  took  that  opportunity  to  test  the  installation,  and 
the  report  of  an  extremely  able  electrician — ^Mr.  Boldchild,  of 
Glasgow — says:  "  I  tested  the  whole  of  the  glow  system,  including 
"  all  switches  and  cut-outs,  using  50  bichromate  cells  [that  would 
"  be  100  volts],  and  found  the  total  resistance  to  earth  to^be 


/ 
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Mr.  Preeoe,  «  about  66,000  ohms ;  the  resistance  between  the  leads  was 
"  100,000  ohms,  all  the  lamps  being  in  and  the  switches  open. 
"  The  arc  leads  showed  nothing  with  a  full  coil  of  the  tangent 
"  galvanometer.  When  I  tested  in  October,  1886,  one  lead  gave 
"  60,000  ohms  resistance,  and  the  other  only  1,500  ;  this  proved 
"  to  be  a  defect,  which  was  immediately  removed.  My  opinion  is 
'^  that  we  should  have  no  difficulty  in  maintaining  an  installation 
"  of  from  50,000  to  60,000  ohms,  even  with  the  present  crude 
"  workmanship."  Of  course  he  is  speaking  of  the  workmanship 
in  Glasgow.  I  mention  that  as  being  just  what  we  really  want : 
we  want  to  have  measurements  of  the  insulation  resistance,  not 
only  of  circuits  in  buildings,  but  espedally  circuits  working 
under  high  pressure,  and  there  are  now  a  good  many  of  them 
about  the  country. 

Mr.  Kempc.  Mr.  H*  R*  KgMPE :  Sir,  I  think  that  Professor  Jamieson  has 
made  a  most  important  mistake  in  not  distinguishing  between 
the  insulation  of  the  cables  and  the  insulation  of  the  fittings 
in  an  electric  light  installation.  The  leakage  in  a  complete 
installation  is  due  to  loss  in  the  fittings,  or  to  loss  in  the  cable, 
or  to  both.  The  former  will  be  chiefly,  if  not  wholly,  due  to 
surface  leakage,  the  latter  to  leakage  through  the  dielectric.  Now 
the  result  of  leakage  in  the  case  of  fittings  would  probably  be  to 
some  extent  to  improve  the  insulation,  owing  to  the  decom- 
position of  the  moisture  which  would  consequently  pass  oflF; 
but  this  is  certainly  not  the  case  if  the  leakage  is  due  to  a 
defect  in  the  cables.  In  the  case  of  the  cable  the  circumstances 
are  totally  different :  a  current  would  undoubtedly  open  a  fault 
if  it  existed,  and  in  time  would  certainly  break  it  down,  even  if 
the  fault  be>  exceedingly  minute  at  first.  It  is  not  sufficient  for 
the  insulation  of'  a  cable,  if  the  dielectric  is  of  any  thickness, 
to  be  only  a  few  megohms }  it  ought  to  be  several  hundred,  if 
not  several  thousand,  megohms ;  for  if  that  is  not  the  case,  the 
low  insulation,  although  it  may  be  as  high  as  several  megohms, 
is  almost  sure  to  be  due  to  a  defect,  which  defect  would  go 
from  bad  to  worse,  sooner  or  later,  under  the'  influence  of  a 
strong  current.  This,  I  think,  is  an  established  &ct,  and  is 
^        well  known  to  all  who  have  had  to  deal  with  cable  cores,  or 
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'With  insulated  wires.  The  standard  of  insulation  of  a  wire — of -Mr.  Kempe. 
an  ordinary  cable  core— perhaps  may  be  as  high  as  500  megohms 
per  mile.  Now,  if  it  runs  down  to,  we  will  say,  100  megohms, 
that  insulation,  it  is  true,  would  be  perfectly  sufficient  to 
prevent  any  leakage  of  the  current^  provided  it  remained 
constant;  but  a  fall  of  from  500  to  100  megohms  would 
certainly  be  due  to  a  slight  defect,  and  a  current,  even  of  as  low 
a  potential  as  100  volts,  would  be  almost  sure  in  a  short  time 
to  completely  break  the  fault  down.  Of  course  a  defect  like 
that  would  be  likely  to  cause  rather  serious  results,  because  it 
is  quite  possible  that  the  current  might  arc  across  and  set  the 
insulation  on  fire.  It  is  a  weU-known  fact  in  telegraph  work 
that  an  insulated  underground  wire,  if  its  resistance  does  not 
considerably  exceed  a  few  megohms,  is  sure  to  go  bad  sooner 
or  later,  although  the  insulation  of  a  few  megohms  would  be 
quite  sufficient  to  enable  perfect  signals  to  be  carried  through 
it.  There  is  another  point.  No  one  engaged  in  telegraph  work 
would  ever  think  of  testing  an  underground  wire  with  the 
instruments  in  circuit.  The  instruments  would  be  taken  oflf, 
and  the  wire  would  be  tested  by  itself;  because  we  should  know 
that  if  we  got  a  low  result — a  result  equal  to,  say,  10  or  12 
megohms — ^it  might  be  entirely  due  to  the  leakage  over  the 
instruments,  and  not  due  to  leakage  on  the  calde.  It  is  a  most 
important  point  that  in  testing  cables  or  insulated  wires 
they  should  be  perfectly  free.  I  recollect,  some  time  ago, 
having  to  test  thirty  or  forty  underground  wires,  having  each  a 
length  of  about  1|  miles  ^  The  insulation  came  out,  with  all 
the  wires  on  the  test  box,  about  12  megohms  per  mile  all 
round.  That  insulation,  of  course,  was  quite  good  enough  for 
working  purposes ;  but  I  knew  perfectly  well  that  the  resistances 
of  good  underground  wires  could  not  possibly  be  as  low  as  that, 
so  I  had  the  wires  taken  off  the  test  box,  and  tested  the 
insulation  resistances  of  the  terminals  alone,  and  the  results 
came  out  exactly  the  same  as  they  were  before  the  wires  were 
taken  off;  but  the  wires  tested  off  the  test  box  gave  between 
200  and  300  megohms  per  mile.  That  showed  that  the  test 
•with  the  wires  on  the  box  was  perfectly  useless.  o  " 
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Mr.Kempe.  In  the  letter  from  Professor  Jamieson  which  the  Secretary 
has  just  read,  it  is  stated  that  it  was  not  of  importance  that  the 
insulation  resistance  of  an  insulated  wire  should  be  taken  with 
high  battery  power.  As  regards  that  point  I  am  totally  at  issue 
with  Professor  Jamieson.  For  the  last  fifteen  years  I  have  had  a 
great  deal  of  experience  in  testing  several  thousand  miles  of  wire, 
and  my  experience  tells  me  exactly  the  contrary ;  and  this  is 
especially  the  case  with  india-rubber  insulation.  You  may  test 
an  india-rubber  cable,  and  the  result  may  apparently  be  perfectly 
satisfieustory  if  the  test  is  taken  with,  say,  20  or  30  cells :  the 
insulation  will  be  extremely  high,  and  the  electrification,  which 
is  considered  to  be  an  indication  of  the  soundness  of  a  cable,  may 
be  perfectly  steady.  Suppose  300  cells  are  used,  you  may  find 
that  after  two  or  three  minutes  the  deflection  on  the  galvanometer 
scale  will  become  unsteady,  and  it  will  finally  go  off  the  scale ; 
in  fact,  a  £Gbult  will  develop,  and  the  insulation  run  down  to  some* 
thing  exceedingly  small.  I  therefore  consider  that  it  is  very 
necessary  in  an  electric  light  installation  that  the  testing  of  the 
cables  should  be  taken  quite  independently  of  the  fittings,  and 
that  a  certain  standard  should  be  taken  for  the  fittings  themselves, 
and  another  standard — which  would  be  very,  very  much  higher — 
for  each  of  the  cables  tested  independently  of  the  fittings  and 
of  the  test  box  with  which  they  may  be  connected. 

Mr.  wijker.  Mr.  SiDNET  F.  Walker:  I  should  just  like  to  make  a  few 
remarks  from  the  point  of  view  of  the  dynamo  manufetcturer  and 
the  contractor ;  and  as  a  preliminary  I  should  like  to  say  that  I 
agree  with  Mr.  Preece  that  the  work  and  the  conditions  of  an 
electric  lighting  circuit  are  quite  different  to  those  of  a  telegraph 
circuit,  and  that  the  rules  which  would  apply  to  the  testiag  of 
telegraph  circuits  will  only  apply  to  electric  lighting  circuits  in 
a  minor  degree :  we  have  larger  currents  as  a  rule,  and  higher 
electro-motive  force  always  at  work.  I  think  that  the  thanks  of 
electric  lighting  contractors  are  due  to  Professor  Jamieson  for 
bringing  this  matter  forward,  and  for  attempting  to  fix  a  standard 
of  insulation.  What  we  want  more  than  anything  is  a  standard 
of  insulation.  What  most  contractors  are  troubled  with  when  we 
tender  for  electric  lighting  work  is  that  those  of  us  who  have  all 
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the  conditions  of  work  before  us  tender  for  a  high  standard,  while  Mr.  wcJker. 
somebody  else,  with  a  light  heart,  tenders  for  a  low  standard,  and 
gets  the  contract.  Of  course  that  leads,  as  Mr.  Preece  has  said, 
to  disgrace.  Electrical  engineers  are  troubled  at  the  present  time, 
as  they  have  been  in  the  whole  matter  of  electrical  work,  more 
with  men  going  into  the  thing  without  being  properly  trained, 
and  without  proper  knowledge,  than  from  anything  else.  One 
striking  point  about  the  paper,  though,  I  notice,  is  the  variation 
of  the  standard.  Professor  Jamieson  gives  his  own  standard  as 
l-10,000th  of  the  current;  that  of  the  Society  of  Telegraph 
Engineers  is  l-5,000th;  Mr.  Preece  has  just  told  us  that  the 
Americans  take  l-l,000th ;  and  I  understand  that  M.  Picou  takes 
l-500th,  if  I  understand  it  rightly.  If  I  may  make  a  suggestion, 
I  think  that  we  ought  to  have  an  authoritative  standard.  I 
certainly  agree  with  the  author,  and  with  the  remarks  of  others, 
that  within  certain  limits  you  can  hardly  have  the  standard  too 
high.  It  is  a  simple  matter,  comparatively,  to  get  a  high  stan- 
dard of  insulation  at  the  start,  but  it  is  by  no  means  a  simple 
matter  to  keep  it  up.  My  work  happens  to  be  principally  what 
Mr.  Preece  has  mentioned  as  outdoor  work.  The  greater  portion 
of  my  work  has  been  amongst  collieries,  where  we  have  consider- 
able difficulty  in  keeping  up  insulation ;  and  I  have  no  doubt  that 
there  are  places,  even  indoors,  where  there  is  considerable  diffi- 
culty in  keeping  up  insulation.  I  have  places  at  collieries,  inside 
buildings,  where  cables  are  liable  to  a  considerable  amount  of 
wet ;  in  pit-shafts,  again,  a  cable  must  stand  a  stream  of  water, 
often  impregnated  with  the  salts  of  different  metals.  Now  I 
have  found  no  insulating  substance  yet  which  will  stand  a  stream 
of  water,  if  it  is  allowed  to  get  to  the  insulating  substance  itself, 
except  gutta-percha,  and  that  only  if  there  is  plenty  of  it — ^if  it  is 
a  good  thickness.  I  hope  that  there  are  some  cable  manufacturers 
here,  because  I  understand  that  cable  manufacturers  object  to 
make  electric  lighting  cables  with  gutta-percha  covering,  I  pre- 
sume on  account  of  the  heating  effect  of  the  current.  But  I  feel 
sure  that  there  are  many  places  where  only  gutta-percha  will 
stand.  India-rubber  and  Callender's  core  will  stand  if  you  stop  the 
wet  getting  to  them  at  all ;  otherwise  they  will  not  stand.    India- 
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Mr.  Walker,  rabber — vulcanised  rubber — may  start  at  a  thousand  megohms,  or 
as  many  megohms  as  ever  you  like,  but  it  will  not  keep  it  up ;  it 
is  only  a  question  of  time.  As  has  been  pointed  out  in  the  paper, 
and  by  Mr.  Preece,  one  of  the  main  difficulties  in  maintaining 
insulation  of  electric  light  circuits  is  the  action  of  the  current 
itself.  The  current  itself  passing  across  the  cable-^even  the  very 
small  current  that  is  going — deteriorates  it ;  and  not  only  that,  it 
also  deteriorates  the  fittings.  I  should  differ  from  Mr.  Kempe  in 
that  respect.  The  effect  of  a  current  passing  across  fittings, 
especially  if  they  are  wooden  fittings,  is  not  only  to  dry  up  the 
moisture  in  the  fittings  but  also  to  carbonise  the  insulation  of  the 
fitting  itself,  and  eventually  sparks  pass  across  and  something 
very  like  a  lightning  flash  occurs. 

With  regard  to  the  testing,  I  certainly  agree  with  those 
speakers  who  have  said  that  for  electric  light  work  you  must  test 
with  a  high  voltage — as  high  as  ever  you  can  get  it.  You  cannot 
take  a  mirror  galvanometer  and  a  set  of  delicate  testing  instru- 
ments into  the  majority  of  phtces  where  an  electric  light 
installation  exists.  Professor  Jamieson  is  apparently  very  lucky 
with  his  apparatus,  but  the  best  apparatus  for  rough-and-ready 
testing  is  a  well-constructed  detector  galvanometer  with  a  high 
voltage  behind  it.  I  am  bound  to  say  that  I  join  with  those  who 
view  the  high  tensions  which  are  about  to  be  used  in  LondoH 
with  considerable  apprehension.  I  certainly  admire  the  skill 
which  has  been  shown  in  arranging  the  conductors  for  the 
Deptford  circuit,  which  are  to  stand  10,000  volts ;  but  I  shall  be 
agreeably  surprised  if  that  insulating  substance  is  not  gradually 
deteriorated  till  in  some  part,  where  possibly  there  is  a  small  bend 
or  some  slight  difference  in  thickness,  a  spark  passes  across,  and 
then  the  whole  thing  will  break  down.  I  will  end  by  saying  that 
I  hope  a  standard  will  be  arrived  at  that  we  can  all  work  to. 

Profeeaor  Professor  W.  E.  Ayrton  :  It  will  be  observed  that  all  these 

Ayrton. 

rules  quoted  by  Professor  Jamieson  as  to  what  the  insulation 

resistance  should  be,  really  lead  to  the  result  that  the  insulation 

resistance  should  be  some   definite  multiple  of  the  conductor 

E 
resistance   of  the   cable,  viz.,    -.^;  and  it   really  comesL^o. the 


1889.]  DISCUSSION.  108 

;g[ii.e8tio!a,  What  multiple  of  the  conductor  resistance  of  the  cable'P«jh«or 
^dbould  be  specified  as  being  the  minimum  insulation  resistance 
Inllowable?     Mr.  Preece's  formula,  however,  differs  from  all  of 
fdi&ese  ruka  in.  chaoMtor,  and  not  merely  in  tiie  value  of  the 
fcoefficient,  for  he  would  make,  according  to  his  formula,  the 
Uftsolation  resistance  diminish  more  rapidly  than  the  length,  if 
'tbiere  were  many  lamps.    In  fact,  if  yon  assume. that  the  number 
of  lamp6  in  circuit  is  about  proportional  to  the  length  of  the 
oable,  he  would  make  the  resistance  vary  as  the  inverse  square  of 
tftke  length ;  i.a.,  the  resistance  would  fiEiU  off  very  rapidly  for  long 
•ooaductors.    I  can  hardly  think  that  that  can  be  the  right  way 
of  specifying  the  resistance,  because  it  would  make  the  resistance 
XDUch  too  low  a  value  for  a  long  conductor.    Last  time  there  was 
i  A    sort  of  feeling  that  this  question   of    specifying  what  the 
iBsnlation  resistance  should  be  for  an  electric  light  circuit  should 
lie  left  to  personal  judgment ;  but  that,  of  course,  is  not  possible 
under  the  particular  circumstances  of  the  case.    In  the  matter 
of  submarine  cables  it  is  a  mere  question  of  a  compact  between 
the  contractor  and  the  buyer  of  the  cable :  the  buyer  is  willing 
to  pay  so  much,  and  the  contractor  is  willing  to  give  so  much 
insulation,  among  other  things,  for  that  sum  of  money ;  and  as 
\  long  as  those  two  agree  how  mudi  insulation  is  to  be  given  on 
I    the  one  hand,  and  how  much  money  is  to  be  paid  on  the  other 
hand,  I  defy  anybody  to  enter  between  the  two  and  say,  "  You 
^  shall  not  make  that  compact."     In  the  case  of  an  electric  light 
I    circuit  there  is,  fortunately  or  unfortunately,  .a  third  party  to  be 
,    considered,  and  that  is  the  Board  of  Trade  or  the  Insurance 
Office;  and  there  comes  the  difficulty.    I  may  say  I  wish  my 
house    fitted    up    by    a    certain    firm ;  I   have   only  a  certain 
amoxmt  of  money  to  spend,  and  I  want  to  get  as  much  insula- 
tion as  I  can  for  it;  but  the  Insurance  Company  steps  in  and 
says,  "No,  we  shall  not  be  satisfied  with  that;  you  must  pay 
**more  and  get  better  insulation."      Of  course  there  is  a  very 
valid  reason  for  their  doing  this — on  account  of  safety — and  there- 
fore it  becomes  necessary  to  settle  some  sort  of  standard ;  it 
becomes  all-important,  as  Mr.  Kempe  has  pointed  out,  to  see  in 
what  way  that  standard  can  be  settled.     I  quite  agree  withrhimS 
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Profewor  that  it  is  a  mistake,  if  you  are  going  to  settle  a  standard  which  is 
to  bind  the  English  world  generally,  to  mix  up  the  insulation  of 
the  fittings  with  the  insulation  of  the  cable,  especially  when 
dealing  with  long  lengths  of  cable.  The  same  sort  of  mistake 
that  Mr.  Kempe  has  pointed  out  I  happened  to  point  out  nearly 
twenty  years  ago.  At  that  time  a  specification  in  connection 
with  telegraph  insulators  was  drawn  up  by  a  very  eminent 
electrician  in  England  for  the  Indian  Ghovemment  Telegraph 
Department,  and  I,  as  a  not  eminent  electrician,  on  leave  in 
England,  was  desired  to  work  under  that  specification.  The 
specification  was  to  the  effect  that  no  telegraph  insulator,  tested 
in  the  usual  way,  should  have  a  less  resistance  than  so  many 
thousands  of  megohms ;  but,  for  convenience,  the  insulators  should 
be  joined  up  in  hundreds  and  should  be  tested  in  parallel,  and  if 
the  resistance  of  the  100  exceeded  one-hundredth  of  the  speci- 
cified  resistance  per  insulator,  then  I  was  to  pass  them.  Well,  I 
pointed  out  that  that  was  wrong,  and  in  fact  I  said  that  until  the 
specification  was  changed  I  could  not  work  under  it,  for  the 
simple  reason  that  it  might  be  that  the  100  insulators  would 
have  a  higher  resistance  than  one-hundredth  part  of  the  specified 
insulation,  and  yet  the  100  might  contain  one  or  more  very  bad 
insulators.  For  example,  99  of  the  insulators  might  have  far  more 
than  the  specified  resistance,  but  one  insulator  might  have  a 
good  deal  less,  and  the  100  might  still  have  a  higher  resistance 
than  the  one-hundredth  of  the  specified  resistance  per  insulator. 
I  am  happy  to  say  (and  that  enables  me  to  correct  a  wrong 
impression  which  I  see  one  remark  I  made  last  time  about 
contractors  seems  to  have  produced)  that  the  contractors,  who 
were  Messrs.  Siemens  Bros.,  thoroughly  fell  in  with  the  objection 
I  raised,  and  they  were  quite  willing  to  allow  me  to  test  to  a 
much  higher  standard  than  they  had  aiTanged  to  supply  insula- 
tors to  for  the  Indian  Grovernment ;  indeed,  they  allowed  me  to 
make  an  important  change  in  the  mode  of  testing  (a  change  which 
might  have  been  serious  to  themselves),  because  they  were  most 
anxious  to  supply  good  material,  and  because  they  realised  the 
point  I  raised  that,  had  a  few  insulators  a  less  resistance  than 
they  ought  to  have,  their  resistance  would  probably  diminish  in 
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time,  and  we  should  have  defective  telegraph  lines  in  spite  of  the  ProfoMor 
testing  of  the  insulators  at  the  works.  This  corroborates  what 
Mr.  Kempe  has  said :  let  the  resistance  of  the  cable  plus  the 
resistance  of  the  slate  switch-board  be  pretty  good ;  then,  if  the 
leakage  be  in  the  switch-board  and  the  cable  be  good,  all  right ; 
bat  if  the  switch-board  be  much  better,  on  a  very  dry  day,  than 
jou  would  suspect^  and  the  cable  be  bad,  it  ought  to  be  rejected, 
although  the  resistance  of  the  two  in  parallel  may  be  very  much 
higher  than  the  specified  resistance.  If  the  defect  be  in  the 
eable,  that  should  be  rejected.  The  resistance  of  the  cable  should 
be  thousands  of  megohms,  even  on  a  wet  day,  whereas  the  switch- 
board on  a  wet  day  might  have  comparatively  low  resistance  and 
yet  not  be  bad. 

There  is  no  question  as  to  the  importance  of  testing  with 
bigh  electro-motive  force,  and  here  again  I  find  myself  quite  in 
accord  with  Mr.  Kempe ;  the  importance  of  using  high  E.M.F. 
for  testing  has  been  realised  for  a  number  of  years.  Even  long 
ago  we  never  thought  of  testing  telegraph  insulators  with  a  less 
electro-motive  force  than  200  volts ;  one  never  thought  of  putting 
on  a  few  volts,  but  used  as  high  electro-motive  force  as  could  be 
eonveniently  obtained.  In  feet,  as  the  late  Professor  Fleeming 
Jenkin  pointed  out  in  his  "  Electricity,"  in  1873,  leakage  resist- 
ance is  not  a  constant,  but  (Umi/nishee  in  amount  as  the  E.M.F. 
employed  increases.  There  will  no  doubt  be  exceptions  to  this 
role  where  the  leakage  is  a  surface  one  and  where  the  E.M.F.  is 
sofSdently  large  to  produce  a  drying-up  action ;  but  in  any  case, 
if  the  circTiit  is  to  be  worked  with  a  high  E.M.F.,  it  is  all- 
important  that  that  high  E.M.F.  should  be  used  for  testing  the 
insulation.  The  idea  of  using  a  magneto  machine  was  suggested 
(I  do  not  know  whether  it  was  for  the  first  time)  by  the  late 
Mr.  Schwendler  in  1871,  and  out  in  India  we  had  magneto 
machines  for  testing  insulators.  The  form  of  galvanometer  that 
we  used  was  a  very  simple  and  natural  one :  it  was  our  tongue. 
We  used  to  whirl  round  the  handle  of  the  magneto,  and  if  we 
could  taste  any  of  the  current  that  got  through  an  insulator, 
that  insulator  was  temporarily  rejected,  to  be  tested  more  care-^r^ 
fiiUy.  Of  course  we  were  using  a  large  electro-motive  force  and^ 
VOL.  xvm.  8 
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^J^'     a  very  sensitive  detector;  the  machine  was  made  by  Messrs*^ 
Siemens  for  the  purpose,  and  it  gave  an  alternate  current. 

With  reference  to  the  modes  of  testing  which  Professor 
Jamieson  suggested,  I  would  like  to  refer  to  one  of  them,  viz., 
Fig.  4.  He  says  in  connection  with  Fig.  4 :  ^^  Second,  join  up 
"  the  voltmeter  as  in  Fig.  4,  with  one  side  to  earth,  having 
"  previously  ascertained  its  resistance,  r,  ohms.  Also  note,  C,  on 
"  the  ampere-meter  [why  not  *  ammeter?'  it  is  much  shorter], 
'^  and  see  that  it  is  the  same  as  before.  If  any  leakage  to  earth 
^'  exists  in  the  dynamo  or  in  any  part  of  the  circuit,  a  deflection 
'*  on  the  voltmeter,  V  M,  will  be  produced  corresponding  to  the 
^^  leakage  current,  c,  passing  through  it,  and  is  represented 
"  by,  e,  volts  difference    of   potential    between  its  terminals^ 

"  Then,  -  =  c,  the  total  leakage  current."    Well,  now,  let  us. 

examine  that  statement.  I  will  take  the  case  of  the  lower  red 
line  in  Fig.  4,  having  a  dead  earth  on  it — a  frightfully  bad  state 
— ^and  I  will  suppose  that  dead  earth  is  near  the  dynamo,  and  we 
will  join  up  the  voltmeter  as  shown  in  Fig.  4.  What  will  the 
voltmeter  indicate?  The  voltmeter  tells  you,  of  course,  the 
difference  of  potential  between  the  point  of  the  circuit  to  which 
it  is  attached  and  the  earth.  There  is  a  dead  earth  on  the 
circuit  somewhere  near  the  dynamo ;  the  potential  of  the  lower 
circuit  near  the  dynamo  is  therefore  0.  The  voltmeter  will  tell 
you  the  interesting  fact  that  there  is  no  difference  of  potential 
between  the  lead  and  the  earth :  there  will  be  no  current  through 
it;  therefore  the  total  leakage  current,  according  to  Mr.  Jamieson's 
formula,  is  0,  or  the  line  is  all  right.  But  the  line  is  not  all 
right ;  it  is  in  a  very  bad  state.  In  fact,  the  indication  of  the 
voltmeter  depends  entirely  upon  where  the  leakage  happens  to 
be,  and  not  simply  on  the  amount  of  that  leakage.  If  the 
leakage  is  in  some  other  part  of  the  circuit,  I  grant  you  that  the 
voltmeter  may  indicate  that  there  is  a  current  through  it ;  but  if 
the  leakage  happens  to  be  near  what  is  represented  as  the  positive 
terminal  of  the  dynamo  in  Fig.  4,  the  greater  the  leakage  or  the 
—  worse  the  insulation,  the  less  will  the  voltmeter  indicate ;  in  fiiot, 

the  voltmeter  will  indicate  0  when  there  is  a  dead  earth  on,  and 
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therefore,  obviously,  the  total  leakage  current  cannot  be  measured  ^?^^ 
as  given  in  Fig.  4  by  the  deflection  of  the  voltmeter. 

I  feel  interested  in  this  particular  test,  because  my  colleague 
and  mysdlf,  after  testing  a  certain  installation,  and  ascertain- 
ing that  it  could  pass  the  standard  required  by  the  authorities, 
amused  ourselves  by  trying  this  particular  test.  We  did  not 
at  the  moment  see  how  foolish  it  was,  but  immediately,  after* 
wards  saw  the  absurdity  of  it.  I  need  hardly  say  that  our 
report  was  not  based  on  that  ]>articular  test,  as,  obviously,  it  does 
not  tell  you  anything  whatever.  Instead  of  the  deflection  of  the 
voltmeter,  as  Professor  Jamieson  thinks,  telling  you  the  amount 
of  leakage,  the  deflection  depends  on  where  the  leakage  is,  and 
we  have  the  maximum  leakage  giving  a  minimum  deflection  if 
it  happens  to  be  near  where  the  voltmeter  is  attached. 

I  do  not  agree  with  Professor  Jamieson  that  a  mirror  galvan- 
ometer and  a  scale  put  on  two  chairs  in  the  upstairs  of  a  building 
would  be  a  very  convenient  method  of  testing.  I  do  agree  with 
him,  however,  when  he  says,  at  the  end  of  his  letter  just  read 
by  the  Secretary,  that  within  five  minutes  of  getting  to  the  spot 
he  would  find  the  spot ;  indeed,  I  venture  to  think  that  if  he  did 
not  find  the  spot  before  he  got  there,  he  would  never  get  there 
atalL 

Professor  Silvanus  P.  Thompson:  I  quite  agree  with  most  of  £«>'««>'  , 

*  ^  Thompson.]. 

the  previous  speakers  in  entirely  condemning  the  use  of  a  very 

small  electro-motive  force  in  testing  the  insulation  resistance  of 

installations.     It  clearly  can  be  of  very  little  value  as  indicating 

the   likelihood    of  that    installation    to  break  down.     In  Mr. 

Smellie's  letter  he  suggests  a  method  of  testing  with  a  magneto 

i       machine  and  a  sensitive  bell,  and  I  think  says  that  his  magneto 

I       taaehine  rings  a  beU  through  16,000  ohms  resistance.    Surely 

that  is  no  test  whatever  of  the  insulating  resistance  of  the 

I       lighting  system,  because,  if  there  is  only  a  resistance  of  16,000 

ohms,  you  have  practically  a  most  abominable  condition  of  things. 

No  reliance  must  be  placed  on  the  fiEtot  that  the  bell  does  not 

ring,  because,  if  it  does  not  ring  with  over  16,000  ohms,  it  would 

not  detect  a  leak  of   20,000  ohms,  which  would  be  a  very, 

important  &ult.    Then,  again,  I  think  when  we  are  looking  at 
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SoSjeon.  formulaB,  of  whichever  shape  they  are — whether  those  from 
Professor  Jamieson's  paper,  or  Mr.  Preece's  formula  on  the  board 
— ^we  ought  to  be  very  careful  as  to  what  case  we  are  applying  the 
formula.  We  ought  to  make  a  broad  distinction  between  three 
general  methods  of  setting  up  electric  light  circuits — ^those  that 
work  at  constant  potential  with  continuous  currents ;  those  which 
work  (principally  arc  light  circuits)  with  a  constant  current,  and 
with  a  potential  which  varies  with  the  number  of  lamps  in  circuit ; 
and,  thirdly,  the  alternate-current  systems,  chiefest  among  them 
at  present  being  those  worked  by  means  of  transformers.  What 
I  want  to  point  out  is  that  a  rule  that  may  be  perfectly 
appropriate  for  one  of  these,  may  be  perfectly  inappropriate  for 
another.  I  do  not  want  to  find  fault  with  Professor  Jamieson's 
rule  if  it  is  to  be  confined  to  continuous  currents  worked  at 
constant  potential ;  but  it  is  quite  wrong,  and  must  be  wrong,  for 
constant  current  worked  with  varying  potentials.  See  what  it 
lands  us  in.  The  insulation  resistance  is  to  be  proportional  to  the 
electro-motive  force — I  have  no  objection  to  that — and  to  be  in- 
versely proportional  to  the  number  of  lamps.  Take  a  case,  and 
see  what  it  lands  us  in.  Suppose  an  arc  system  of  lamps  in 
series,  requiring,  say,  50  volts  each.  If  you  have  three  arcs,  you 
want  150  volts.  Suppose,  instead  of  taking  three  arc  lamps, 
you  have  sixty,  then  you  want  3,000  volts.  Dividing  your  volts  by 
the  number  of  arc  lamps  brings  you  back  to  the  same  insulation 
resistance  for  sixty  lamps  as  for  three.  If  £  is  to  agree  in  proportion 
to  N,  the  insulation  resistance  is  to  be  the  same  when  you  have 
150  volts  and  when  you  have  3,000  volts  on  the  circuit,  which  is 
an  absurdity.  Again,  take  Mr.  Preece's  rule,  where  he  introduces 
the  length  of  the  line.  I  do  not  quarrel  with  that  rule  for  a 
constant  potential  system,  but  for  a  varying  current  it  is  worse 
than  Professor  Jamieson's,  because  not  only  is  the  electro-motive 
force  to  be  divided  by  the  number  of  lamps,  which  would  bring  it 
down  to  Professor  Jamieson's,  but  it  is  to  be  divided  by  the  length 
of  the  circuit.  Well,  now,  if  you  have  ten  arc  lamps,  and  they  are 
comparatively  close  together,  you  have  very  few  insulators  on  the 
line  between  one  lamp  and  the  next  lamp ;  but  suppose  these  ten 
lamps  are  some  distance  apart,  you  have  many  insulators  on  the 
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circuit.  Do  you  want  a  less  insulation  resistance  because  you^'«««>r 
ha?e  many  insulators  and  more  sources  of  leakage  ?  I  think  that 
in  that  case  you  ought  to  insist  on  a  higher  insulation  resistance. 
I  think  you  want  L  above  the  line  in  the  formula,  and  not  below 
it ;  you  want  more  perfect  insulation  as  the  line  is  longer,  not 
less.  Further,  applied  to  alternate-current  work,  one  has  to 
remember  that  it  is  the  maximum,  and  not  the  average,  electro- 
motive force  that  breaks  the  circuit  down ;  and  if  the  alternating 
E.8(LF.  is  rising  above  and  falling  below  the  average  value,  then 
clearly  a  different  role  is  wanted  for  altemating-cun-ent  systems. 
Take  the  case  of  the  proposed  Deptford  system,  with  its  10,000 
volts.  K  we  are  going  to  divide  the  10,000  volts  by  the  number 
of  lamps  on  the  circuit — there  are  no  lamps  on  the  main  cables, 
bat  suppose  there  are  100,000  lamps  on  the  system — dividing 
your  electro-motive  force  by  the  100,000  lamps,  you  are  going 
to  have  only  one-tenth  of  the  insulation  resistance  that  you  would 
bave  if  you  had  1  volt  with  one  lamp  on  it.  According  to  that 
formula  you  would  make  the  insulation  resistance  one-thousandth 
of  what  it  should  be  with  1  volt  on  an  ordinary  100-volt 
system. 

Mr.  Alexander  Siemens  :  Might  I  say,  as  Mr.  Preece  is  not 
here  [Jfr.  Preece  had  left  the  meeting]^  that  we  spoke  about 
that  point  yesterday  ?  In  such  a  case  N  would  be  0,  and  that  is 
why  he  introduced  N  +  1,  because  that  primary  circuit  from 
Deptford  would  have  no  lamps  on  it  at  all. 

Professor  S.  P.  Thompson  :  I  quite  understood  why  Mr.  Preece 
introduced  the  1,  but  my  objection  is  to  a  rule  which  gives  less 
insulation  for  100,000  lamps  than  for  one  lamp. 

Mr.  Alexander  Siemens  :  Yes ;  but  you  have  not  got  100,000 
lamps  on  that  circuit;  you  have  only  the  transformers  on  the 
dicuit. 

Professor  S.  P.  Thompson  :  This  formula  wants  writing  differ- 
ently for  different  cases ;  if  it  is  right  for  one,  it  is  wrong  for 
another. 

Mr.  Alexander  Siemens:  I  only  interrupted  because  your 
illustration  was  against  Mr.  Preece's  intention.  ^Ic 

Professor  S.  P.  Thompson:  Then  I  think  I  am  right  in  asking 
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Another  point  that  I  think  we  ought  to  be  careful  about  is 
as  to  the  way  in  which  this  formula  should  be  used  according  to 
the  method  in  which  the  cables  or  conducting  wires  are  carried. 
Clearly  the  same  formula  is  inadmissible  for  underground  con- 
ductors as  would  be  admissible  for  overhead  conductors,  and  for 
overhead  conductors  the  rule  ought  surely  to  be  different  accord- 
ing to  the  way  in  which  the  overhead  conductors  are  strung. 
I  have  spoken  in  this  room  before  now  of  the  absurdity  of  using 
Bright  shackles  for  overhead  wires  at  every  pole.  They  are  all 
right  where  you  have  to  shackle  off  at  the  end  of  a  line ;  but  it 
is  absurd  to  use  shackles,  with  two  chances  of  leakage  and  bad 
insulation,  at  every  pole,  instead  of  using  some  other  insulator 
which  has  less  chance  of  leakage.  That  absurdity  becomes 
multiplied  when  you  are  dealing  with  high  electro-motive  force 
with  any  distributing  system. 

Lastly,  are  we  quite  clear  that  these  formul®  for  insulation 
resistance  are  not  going  to  mislead  us  altogether  ?  Is  not  the 
test  we  want  to  apply  to  the  various  systems  a  test  of  quite  a 
different  order?  The  test  is  not  what  number  of  ohms  the 
insulation  is  to-day  or  to-morrow,  but  what  will  break  that 
insulation  down.  Is  the  measurement  by  a  mirror  galvanometer, 
and  with  a  battery  of  a  power  below  the  usual  electro-motive  force 
of  the  circuit,  really  any  test  as  to  the  likelihood  of  the  insulation 
of  the  system  to  break  down?  I  will  give  you  a  parallel  case. 
Suppose  you  are  building  a  dynamo.  You  have  the  coils,  in  many 
cases,  made  with  cotton-covered  wire  which  is  very  carefully 
soaked,  say,  with  shellac  varnish,  and  these  coils  are  put  into  a 
steam-heated  chamber  and  heated  for  some  time,  to  drive  off  the 
spirit  from  the  shellac.  When  these  coils  are  brought  out,  after 
a  week's  heating,  and  are  tested  for  the  resistance  between  the 
copper  and  the  framework  on  which  they  are  wound,  you  may 
get  something  considerably  tmder  100,000  ohms.  Are  you  going 
to  condemn  thisit  dynamo  because  it  tests  so  low  ?  I  very  much 
doubt  whether  half  the  dynamos  in  the  market  will  show  anything 
like  half  a  megohm  between  the  iron  and  the  copper  as  they 
leave  the  factory.  It  seems  to  me  that  the  question  is  not  what 
the  tested  insulation  is,  but  really  what  will  break  down  that 
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iiikdatioD.    And  surely,  if  the  practical  question  that  presents  p«)*««>' 
itself  in  that  way  in  dynamo  machines,  in  parts  of  the  circuits, 
in  switch-boards,  and  so  on,  is  what  electro-motive  force  will  break 
the  insulation  down,  then  these  elaborate  systems  of  testing  for 
amnlaticm  resistance  are  really  very  much  beside  the  mark. 

Mr.  J,  N.  Shoolbred:    The  remarks  of  Professor  Silvanus  Mr. 

Shoolbred. 

Thompson  only  confirm  Professor  Jamieson's  paper  and  Mr. 
Pteece's  remarks  upon  it,  in  that  it  is  impossible  to  state  any 
one  formula  for  insulation  that  would  apply  to  all  cases,  even  of 
one  kind  of  installation.  Take  Professor  Jamieson's  formula,  which 
is  stated  in  his  paper  to  be  based  upon  the  number  of  incan- 
descent lamps  of  16  candle-power.  Professor  Thompson  could 
scarcely  have  borne  that  in  mind  when  he  spoke  of  and  applied 
that  formula  to  arc  lights,  because  Professor  Jamieson  speaks 
always  of  incandescent  lights.  His  tables  show  that,  and  I  think, 
therefore,  it  is  hardly  feir  that  it  should  be  made  to  apply 
to  a  number  of  arc  lights  in  series — that  is,  with  a  variable 
potential. 

Professor  S.  P.  Thompson  :  Will  you  excuse  me?  He  does  not 
say  that  it  applies  to  incandescent  lamps — ^with  constant  potentials 
certainly — only ;  they  are  used  constantly  in  arc  circuits. 

ilr.  J.  N.  ^OOLBRED :  Professor  Jamieson's  formula  has  been 
fnuned  more  as  an  assistance  for  arriving  at  a  fair  insulation  for 
the  ordinary  run  of  installations  of  incandescent  lamps.  My 
obfect  is  merely  to  point  out,  that  from  the  various  uses  of  the 
current  it  is  impossible  to  give  one  formula  applicable  to  all,  as 
Mr.  Preece  suggested  that  we  should  try  to  arrive  at  a  formula 
that  would  be  applicable  for  all  cases.  Professor  Silvanus 
llHRnpson  has  just  distinguished  between  incandescent  lights  in 
parallel  circuits^  are  lights  in  series,  transformers,  and  altemate- 
cnrrent  systems.  In  addition,  particularly  in  towns,  where  there 
may  be  a  long  length  of  untapped  main,  or  where  the  majority 
of  the  vork  consists  of  incandescent  lamps.  Again,  there  may 
be  motors  introduced,  or  arc  lamps,  and  other  circumstances 
which  would  cause  the  requisite  amount  of  insulation  to  vary 
much  in  degree.  Hence  the  diflBculty  of  forming  one  single 
formula  that  shall  apply  in  all  cases ;  the  circumstances  of  eacn 
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Mr.  must  be  considered,  and  duly  taken  into  account  in  prescribing 

Shoolbred.  '  '^  ^  ^^ 

the  required  amount  of  insulation.  Of  the  three  formulae  named 
in  the  paper,  Professor  Jamieson's  tries  to  represent^  by  means  of 
the  number  of  lamps,  that  of  the  corresponding  connections  and 
joints  which  would  occur  in  incandescent  light  installations; 
while  M.  Picou  lays  stress  upon  the  length  of  wire  used ;  and  the 
Society  of  Telegraph  Engineers'  rule  dwells  upon  the  density  of 
the  current.  Each  formula  is  best  suited  to  certain  circum- 
stances, but  hardly  can  it  be  made  equally  well  adapted  for  all 
installations, 
s '*  oicttL  ^^'  ^*  ^'  SPAaNOLETn  :  I  should  like  to  add  my  experience 
to  the  remarks  that  have  been  made  by  Mr.  Kempe,  by  Mr. 
Sidney  Walker,  and  by  other  speakers,  as  to  the  necessity  of 
testing  electric  light  wires  with  a  very  high  potential.  The 
difiference  of  currents  carried  by  telegraph  wires  and  electric 
light  wires  is  of  course  very  great.  A  case  came  under  my  notice 
in  the  early  days  of  electric  lighting,  when  the  Soci^t^  de 
TElectricit^  came  over  here,  M.  Baudet  being  their  representa- 
tive. A  cable  was  put  down  on  the  District  Bailway.  That 
cable  came  into  my  hands  to  test.  It  was  tested  in  the  ordinary 
way  with  battery  power,  and  we  could  get  no  leakage  whatever ; 
but  as  soon  as  the  current  was  put  on  the  cable  from  the  dynamo, 
we  could  positively  see  the  sparks  going  into  the  wall ;  showing 
that,  although  we  had  a  good  battery  power  for  testing,  the 
current  was  quite  insufficient  for  its  purpose,  and  useless  when 
compared  with  what  was  necessary  for  the  requirements.  Mr. 
Kempe  also  pointed  out  the  advisability  of  disconnecting  the 
instruments  and  test-box  connections  from  the  main  circuit. 
That,  again,  I  think,  is  most  necessary  to  do.  I  recollect,  some 
years  ago,  when  the  Mont  Cenis  Tunnel  was  being  built,  the 
cable  for  it  was  manufactured  here  at  the  Grutta-Percha  Com- 
pany's works,  and  I  had  the  testing  of  it.  I  went  to  the  testing 
room  and  saw  the  apparatus.  Of  course  I  knew  nothing  of  how 
thid  connections  were  made,  all  wires  being  out  of  sight.  The 
test  of  the  first  coil  showed  no  movement  of  the  spot  whatever  on 
the  scale.  I  said  to  Mr.  Willoughby  Smith,  ^'  Are  you  sure  that 
^^  all  the  connections  are  right  ?  "    We  were  then  standing  on  a 
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sheet  of  gutta-percha.  The  temperature  of  the  room  was,  I  think,  Mr. 
65^  Fab. ;  the  sun  had  been  shining  on  a  desk  by  the  window, 
which  was  warm.  He  touched  the  instrument  with  one  hand, 
and  the  mahogany  desk  in  the  window  with  the  other,  and 
the  spot  went  oflF  the  scale  altogether.  That,  I  think,  will 
show  the  necessity  of  having  the  test-box  connections  off  while 
testing,  the  more  so  as  they  would  in  all  probability  not  be  in  so 
dry  a  state  as  the  mahogany  desk  was. 

Some  very  good  information  has  been  given  us  by  Professor 
SUvanus  Thompson ;  but  I  am  afraid  that  if  you  adopt  the  system 
that  he  has  spoken  of—- i.6.,  of  finding  out  what  currents  would 
break  the  cable  down — ^this  would  not  always  apply,  and  would 
depend  upon  the  age  and  the  deterioration  of  the  cable,  for  what 
might  not  break  it  down  the  first  six  or  eight  months  would  in 
a  year  or  two's  time  give  a  very  different  result.  I  think  it  has 
been  clearly  shown  by  the  remarks  of  most  speakers  to-night 
that  in  testing  electric  light  cables  they  should  be  tested  with  as 
high  a  voltage  as  is  going  to  be  used,  if  not  with  a  higher 
pressure,  and  free  of  all  connections. 

Mr.  C.  T.  Fleetwood  :  I  can  speak  from  past  experience,  con-  Mr 
fijrming  what  Mr.  Spagnoletti  has  just  said,  also  Mr.  Kempe,  about 
the  necessity  of  disconnecting  wires  from  test  boxes  when  testing. 
Some  years  ago,  I  remember  drawing  in  sixty  wires  over  Blackfidars 
Bridge,  made  up  of  3  x  20,  firom  different  manufacturers,  and 
after  the  cables  were  in  place  instructions  were  given  for  them  to 
be  tested.  It  was  found  that  they  only  gave  30  megohms  instead 
of  several  hundred  megohms.  Every  lead  that  was  put  down  to 
the  testing  room  was  condemned.  At  last  it  struck  me  that 
possibly  it  was  the  test  box.  I  went  and  cut  the  wire  off  the  test 
box — ^the  same  wire — and  joined  it  to  the  same  lead,  and  went  down 
to  see  it  tested,  when  every  one  was  pronounced  perfect.  From 
that  time  to  the  present  wires  are  always  disconnected  when  being 
tested  at  the  central  station.  In  reference  to  testing  with  a 
magneto  machine,  previous  to  1870  it  was  the  practice  of  men 
belonging  to  the  National  Provincial  Telegraph  Company  to  test 
their  wires  by  means  of  the  ABC  instrument,  and  as  a  rule  they 
got  good  results ;  but  their  cables  at  that  time  were  overhead,  and 
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^j^^^^  of  very  low  insalation.  I  remember  one  of  the  circaJts  being 
transfelrred  to  the  underground  system  between  Winchester  House 
and  Clerkenwell  fire  stations,  and  the  eircuit  wotked  very  badly 
indeed.  The  men  who  had  been  in  the  habit  of  testing  with 
these  magneto  machines  again  and  again  complained  that  the 
■  underground  wire  was  faulty,  while  the  men  who  tested  the 
underground  wires  declared  that  they  were  perfect.  I  went  to 
the  end  of  the  circuit  with  the  men  using  the  magneto  machines^ 
and  found  that  they  got  a  move  on  their  indicator  as  soon  as  they 
began  to  grind,  but  when  tested  with  the  Wheatstone  bridge  the 
wire  was  perfect.  We  then  went  to  the  middle  of  the  circuit,  at 
the  comer  of  the  Old  Bailey,  divided  the  circuit,  put  the  machine 
in  again,  and  found  that  the  wire  was  perfect ;  there  ^wos  not  suffi* 
dent  capacity  in  the  divided  circuit  for  the  charge  and  discharge 
of  the  wire  to  move  the  needle.  When  we  tested  the  whole 
length  there  was  sufficient  of  the  charge  and  discharge  alone  to 
move  the  indicator  round.  It  may  be  that  the  same  difficulty 
may  arise  if  the  instrument  is  used  for  testing  electric  light  wires. 

siSithf^'^^**  Mr.  M.  HoLROYD  Smith  :  I  wish  to  say,  Mr.  Chairman,  that 
I  rather  fancy  the  question  of  insulation  resistance  for  electric 
light  installations  is  not  going  to  be  determined  by  this  Society, 
or  any  other  Society,  fixing  the  vidue  of  K  in  any  of  the  formulse 
presented.  In  my  own  experience  the  manufacturers  of  electric 
light  leads  have  always  been  surprised  at  the  low  insulation  that 
I  have  specified,  but  they  have  been  equally  surprised  when  they 
have  come  across  the  condition  that  that  insulation  should  be 
maintained  and  guaranteed  for  a  considerable  length  of  time. 
It  is  very  much  more  a  question  of  the  endurance  than  of  any 
very  high  and  fanciful  insulation  at  the  outsets  We  are  depend* 
ing  in  this  matter  almost  entirely  upon  the  manufacturers,  and 
it  is  for  them  to  bring  us  some  material  for  which  they  can 
guarantee  long  duration  of  a  moderate  degi^ee  of  insulation.  It 
would  then  be  a  question  of  how  much  we  can  affi^rd  to  lose  in 
any  installation  through  leakage,  when  we  know  that  the  loss  is 
going  to  be  constant.  I  therefore  wish  to  draw  especial  attention 
to  the  fact  that  it  is  not  the  fixing  of  a  high  initial  value  for  K, 
but  it  is  the  ascertaining  of  some  material  that  can  be  relied 
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upon  under  vaiying  conditions,  say  of  heat  and  cold,  dryness  and  f'-.S^^^^ 
moistnre,  the  condition  of  which  will  not  be  deteriorated  by  the 
passage  of  that  very  small  current  that  now,  like  the  little  rift 
within  the  lute,  will  make  the  music  incomplete.  If  such  a 
material  can  be  supplied,  it  may  then  be  possible  to  fix  a  value 
for  K  that  would  really  be  a  constant. 

I  cannot  agree  with  those  speakers  who  are  content  with 
delicate  tests.  I  much  prefer  that  all  wires  should,  when 
possible,  be  tested  under  the  maximum  current  likely  to  pass 
through  them.  An  illustration  of  the  importance  of  this  practice 
occurred  to  me  only  yesterday,  when  I  declined  to  send  a 
naachine  abroad  until  it  had  been  so  proved,  though  the  instru- 
nient  testa  were  perfectly  satisfactory.  There  were  four  circuits 
in  the  machine ;  three  stood  remarkably  well,  but  the  fourth  gave 
way  at  once. 

Mr.  F.  Wyles  :  I  think,  Sir,  with  reference  to  the  figures  ^r.  wyies. 
given  by  Professor  Jamieson  regarding  indoor  lighting,  there 
can  be  no  difficulty  in  maintaining  his  standard  of  insulation ; 
but  directly  you  come  to  outdoor  lighting,  when  you  have  to 
deal  with  smoke,  fog,  and  atmospheric  influences,  there  is 
difficulty  in  keeping  up  high  insulation. 

With  regard  to  testing,  I  would  rather  see  some  system  of 
regular  testing.  My  own  plan  is  to  have  tests  taken  weekly. 
A  galvanometer  is  kept  connected  up,  the  foreman  takes  the 
deflections,  and  I  work  out  the  insulation  resistance  fix>m  his 
reports  in  my  own  office. 

Nothing  seems  to  be  shown  on  the  diagrams  with  regard  to 
testing  the  machine  for  contact.  My  own  experience  is  that 
i£  ihe  machine  is  rigorously  tested  a  breakdown  may  be  saved. 
It  does  not  matter,  probably,  if  only  one  contact  occurs  on  the 
machine,  two  being  generally  required  to  cause  a  short-circuit ; 
by  regular  testing,  therefore,  the  first  contact  may  be  detected, 
and  a  breakdown  prevented. 

As  to  Mr.  Walker's  remarks  about  gutta-percha  being  used 
for  electric  light  cables.  My  experience  is  that  with  the 
heavy  wire  used  there  is  a  tendency  to  produce  decentralisation ; 
it  may  be  a  question  of  time,  but  some  day  or  other  the  core 
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Hr.wyies.  will  drop  throagh  the  percha,  and  the  copper  will  be  almost 
bare  at  the  bottom. 

Swp^.  ^^'  ^'  hAKT  Carpenter:  I  desire  for  a  moment  to  em- 
phatically confirm  the  remarks  just  made  by  Mr.  Holroyd  Smith, 
because  I  happen  to  know  of  several  contracts  where  that  point 
was  insisted  upon  by  those  who  were  buying  the  cable.  For  a 
year  at  least — and  in  many  cases  for  a  much  longer  period — the 
insulation  has  to  be  maintained  up  to  a  given  standard  at  the 
expense  of  the  maker  of  the  cable ;  and  it  is  not  a  question  of 
the  value  of  K,  as  pointed  out. 

Mr.  Walker.  Mr.  SiDNEY  F.  Walker  :  I  should  like  to  say  that  I  have 
gutta-percha  cables  that  have  been  standing  five  years  without 
that  fault  being  met  with  ;  and  if  I  were  to  give  a  specification 
for  duration,  I  should  say  not  less  than  five  years ;  one  year 
would  be  no  good  at  all. 

«rH«iiy  Sir  Henry  C.  Mance:  With  reference  to  the  durability  of 

the  insulators,  I  may  mention  that  in  India  we  have  had  a  good 
deal  of  experience  both  with  india-rubber  and  gutta-percha.  If 
the  latter  material  is  not  to  be  subjected  to  a  greater  voltage 
than  100  or  200  volts,  I  see  no  objection  to  the  use  of  gutta- 
percha for  electric  light  leads.  I  assume,  of  course,  that  the 
carrying  capacity  of  the  wire  is  sufficient,  and  that  the  cable  is 
buried  in  damp  ground.  An  excellent  example  of  the  durability 
of  gutta-percha  is  afforded  by  the  Persian  Gulf  cable,  which  at 
the  head  of  the  Persian  Grulf  is  laid  for  two  or  three  miles  through 
the  date  gardens,  from  two  to  three  feet  below  the  surface.  It  has 
been  there  for  more  than  twenty-five  years,  and  has  never  given 
the  slightest  trouble.  Under  such  circumstances  gutta-percha  is 
practically  imperishable,  but  exposed  to  the  dry  air  it  is  un- 
doubtedly inferior  in  lasting  qualities  to  india-rubber.  The  latter 
material  we  found  most  subject  to  deterioration  when  exposed  to 
alternate  wet  and  dry. 

In  an  electric  lighting  system  the  question  of  joints  becomes 
a  very  important  one.  You  will  find  in  the  Proceedings  of  the 
Society,  vol.  iv.,  1875,  an  account  of  a  series  of  experimental 
joints  in  old  gutta-percha  and  india-rubber  cores  which  were 
under  observation  for    two  or  three  years.     There  was  some 
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difficulty  in  making  what  cable  electricians  would   consider  a  sir  Henry 

Aftiioe* 

perfect  joint  in  old  gutta-percha;  but  although  the  insulation 
would  gradually  fall,  the  joint  appeared  to  be  mechanically  perfect, 
and  I  do  not  think  any  of  the  series  would  have  been  prejudicially 
affected  by  the  currents  it  would  be  considered  prudent  to  use  on 
a  gutta-percha  insulated  electric  light  main.  The  india-rubber 
joints  made  in  Hooper's  core  showed  no  sign  of  deterioration. 

As  regards  the  formula  before  us,  I  think  in  practice  we  shall, 
as  hitherto,  have  to  rely  on  the  common-sense  and  experience  of 
the  electrician  in  charge,  who  would  probably  adopt  different 
standards  and  apply  different  tests  under  the  varying  conditions. 
We  may  assume  that  periodical  tests  will  be  taken  in  every  well- 
managed  installation,  not  to  ascertain  the  potential  the  leads  will 
bear  (that  has  been  done  in  the  first  place),  but  to  keep  a  record 
of  the  insulation  of  the  whole  system.  At  the  central  station  the 
electrician  would  probably  prefer  to  use  a  sensitive  galvanometer 
and  a  moderate  battery  power,  but  under  conditions  when  a 
delicate  galvanometer  cannot  be  used  he  would  naturally  avail 
himself  of  a  higher  voltage ;  it  is  impossible  to  lay  down  a  hard- 
and-fast  rule.  It  may  sometimes  be  necessary,  for  the  purpose  of 
localising  faults,  to  test  portions  of  the  system  away  from  the 
central  station  where  shelter  is  not  available.  When  compelled 
to  test  under  these  conditions,  I  have  always  used  a  small  Siemens 
galvanometer  with  a  suspended  astatic  needle,  in  conj  auction  with 
a  portable  bridge  and  battery. 

Professor  W.  E.  Ayrton  :  Without  delaying  the  meeting  a  Professor 
moment,  might  I  suggest  to  Sir  Henry  Mance  that  from  an 
electric  light  engineer's  point  of  view  the  cable  is,  as  a  rule,  not 
in  soil,  damp  or  dry,  but  is  in  the  air,  either  in  a  room  or  in  a 
trench  under  the  streets;  and  under  those  circumstances  (Sir 
Henry)  would  your  experience  lead  you  to  prefer  gutta-percha  to 
india-rubber?  For  example,  you  will  remember  that  in  the 
telegraph  offices  in  India  the  gutta-percha  wires  have  had  to  be 
replaced  by  india-rubber-covered  wires,  for  the  simple  reason  that 
the  gnttarpercha  was  found  to  separate  into  small  pieces  round 
the  wire  about  an  inch  long,  exactly  like  bits  of  tobacco  pipe 
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AjStS?"^     strung  along  the  wire,  and  which  merely  served  to  keep  the 
copper  away  from  the  wall. 

Sir  Henby  Mange  :  That  is  quite  correct. 

Professor  W.  E.  Ayrton:  For  the  insulation  of  wires  for 
electric  light  purposes,  where  the  wires  are  to  be  in  air,  and  not 
in  water  or  damp  earth,  would  you  not  prefer  india-rubber  to 
gutta-percha  ? 

Sir  Henby  Mange  :  Yes. 
s^  Albert  Sir  Albert  Cappel  :  I  might  just  add  that  in  the  interior  of 

telegraph  buildings  in  India  we  use  india-rubber-covered  wireB 
solely,  as  Professor  Ayrton  has  just  said, 
^'ignoietti         ^*  ^'  ^*  Spagnoletti  :  May  I  say  just  a  word  on  this  gutta- 
percha question  ?    In  1852  some  wires  were  put  underground  for 
about  a  mile  in  the  Paddington  yard,  in  earthenware  pipes,  with 
the  old  gutta-percha   covering   pure  and  simple,  without  com- 
pounds ;  it  was  of  a  very  light  colour.    Being  a  telegraph  circuit, 
we  worked  with  only  a  low  voltage.     About  six  years  ago  we  had 
occasion  to  renew  some  underground  wires,  and  on  opening  the 
ground  through  the  yard  we  came  across  the  pipes  containing 
these  old  gutta-percha  wires.    They  were  of  No.  16  gauge  copper, 
with  gutta-percha  covering  to  No.  3 — a  thicker  coating  than  is 
now  generally  used  for  telegraphic  purposes.     We  examined  and 
tested  the  gutta-percha,  and  found  it  in  perfect  condition,  although 
it  had  been  down  for  about  thirty  years.    We  joined  the  old 
wires  to  wires  we  were  then  laying,  as  they  ran  in  the  right 
direction  for  our  work,  and  they  have  been  working  well  up 
to  the  present  time,  and  I  have  no  doubt  they  will  last  many 
more  years. 
Mr.  wyieg.         Mr.  F.  Wyles  :  Might  I  be  allowed  to  say,  Sir,  that  I  did  not 
criticise  gutta-percha  as  used  for  ordinary  telegraph  work,  becaij^e 
we  know  it  is  the  proper  thing  in  England  ?    But  I  do  criticise 
it  when  it  is  used  for  electric  light  wires  with  heavy  cores. 
Mr.  Mr.  H.  G.  Donovan  :  Might  I  ask  Professor  Ayrton  and  others 

Donovan. 

whether  they  could  not  give  us  a  formula  for  interior  surfi&oe 
leakage,  where  exposed  contacts  would  come  into  the  formula  ? 
Pr^esBor  Professor  W.  E.  Aybton  :  I  do  not  think  there  would  be  any 

Ayrton.  •'^ 

difficulty  in  giving  a  formula,  but  I  do  not  think  one  formula  can 
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cover  even  one  case — ^that  is,  one  kind  of  installation — ^for  the  Professor 
gixaple  reason  that  one  standard  ought  to  be  required  for  the 
dynamo,  another  standard  for  the  insulation  of  the  gutta- 
percha, or  indiap-rubber-covered,  conductor,  and  a  third  standard 
Jbr  the  lamp^olders,  fuses,  and  so  on,  where  surface  leakage  is 
mainly  important.  If  a  single  formula  be  taken  to  cover  the 
whole  thing,  then,  whatever  number  be  taken  for  the  coefficient  K, 
you  are  very  likely,  if  you  are  bound  by  one  formula,  to  condemn 
a  good  installation  and  to  pass  a  bad  one,  for  the  simple  reason 
that  there  may  be  a  serious  leakage  in  the  cable  for  a  cable,  and 
which  ought  to  condemn  the  cable,  but  which  may  not  diminish 
the  value  of  the  parallel  resistance  of  the  whole  installation 
sufficiently  to  make  the  result  worked  out  by  the  formula  low 
enough  to  ensure  condemnation. 

The  Chaibman  :  I  quite  agree  with  what  fell  from  Mr.  Holroyd  S^idMon. 
Smith — ^that  the  great  thing  is  to  be  sure  of  maintaining  a  mode- 
i^tely  good  insulation,  rather  than  to  merely  start  with  a  very 
high  one.  There  also  seems  to  be  a  consensus  of  opinion  that  it 
is  desirable  to  test  the  resistance  of  the  conductors  with  as  high 
a  potential  as  that  which  is  to  be  used.  In  my  judgment,  it  is 
desirable  that  we  should  be  able  to  test  the  insulation  resistance 
of  the  two  conductors  from  the  earth  at  all  times,  whether  running 
or  standing — ^particularly  when  running — and  it  has  long  been 
known  that  it  is  quite  easy  to  do  that.     It  is  done  in  this  way : — 

A 


E 

It  is  simply  a  modification  of  the  ordinary  Wheatstone  bridge. 
Suppose  +  and  —  to  be  the  two  terminals  of  a  dynamo  and  the  con- 
daetcHTS  connected  thereto,  and  that  £  represents  the  earth,  with  a 
certain  leakage  passing  from  +  to  E,  and  a  certain  leakage  going 
from  —  to  £•    Connect  +  to  —  through  a  resistance  which  can 
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Dr.  J.         be  divided  into  two  parts  at  A,  adjustable  in  relation  to  each  other ; 

HopkiMon  , 

connect  A  to  E  through  a  galvanometer ;  adjust  the  resistances 
+  A  and  A  —  till  the  galvanometer  is  not  deflected :  then  the 
ratio  +  A/A  —  will  be  equal  to  the  ratio  of  the  two  earth  insula- 
tions* Connect  either  conductor,  say  +,  to  earth  through  a 
known  suitable  resistance,  +  B  E,  and  again  adjust  the  resistances 
+  A,  A  —  •  These  two  experiments  give  us  two  equations  to 
determine  the  two  unknown  quantities,  the  insulations  from  earth. 

Gentlemen,  it  is  now  my  duty  to  propose  that  the  best 
thanks  of  this  meeting  be  accorded  to  Professor  Jamieson  for  his 
interesting  paper.  It  certainly  has  given  rise  to  an  interesting, 
and  I  have  no  doubt  a  valuable,  discussion. 

The  motion  was  carried  unanimously. 

The  Chairman  :  Another  paper  has  been  announced  for  this 
evening,  but  it  is  of  such  a  length  and  of  such  interest  that  it 
would  be  very  unwise  for  us  to  begin  at  this  late  hour,  and  in 
fact  I  understand  that  there  is  a  rule  that  no  fresh  matter  is 
to  be  taken  after  half-past  nine ;  we  must  therefore  postpone  it 
to  the  next  meeting  of  the  Institution,  which  will  take  place  on 
the  21st  instant. 

A  ballot  took  place,  at  which  the  following  were  elected : — 

Foreign  M&mJber : 
Virgilio  Machado. 

Meinbera: 
Charles  Laurence  Baker.  I       Norcliffe  George  Thompson. 

George  Cameron  Sillar.  |       Edward  Willmore. 

AssacicUes : 


John  Macfee,  jun. 
George  Henry  Rew. 
Brabazon  Rutherford. 


John  Richard  Bainton. 
Emile  Guitton. 
Robert  Cattley  Jackson. 
Edwin  Isidore  Lloyd. 

Students: 

Joseph  Pratt  Sleigh.  |       George  Herbert  Thornton^ 

Henry  Walker. 

The  meeting  then  adjourned.  ^'Q'^'^^^  ^^  Google 
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INSULATION  RESISTANCE   OF  ELECTRIC   LIGHT 

INSTALLATIONS- 

By  William  McWhirter,  Member. 

Installation  at  Domiia  House,  Partick — 50  lamps,  16  candle- 
power,  and  60  volts.  Tested  9th  January,  1886,  when  insulation 
resistance  =  14  megohms. 

Installation  at  Domira  House,  Partick — 90  lamps,  16  candle- 
power,  and  60  volts.  Tested  16th  January,  1889,  when  insulation 
resistance  =  35,000  ohms. 

Nate. — ^This  installation  in  three  years  has  been  more  than 
doabled,  and  the  drop  in  insulation  is  largely  due  to  leads  and 
fittings  in  conservatory,  which  are  always  dripping  wet,  as  it  is 
washed  down  with  a  hose-pipe. 

Installation  at  Heriot-Watt  College,  Edinburgh — 400  lamps, 
16  candle-power,  100  volts.  Tested  April,  1888,  when  insulation 
resistance  =  30,000. 

Installation  at  Heriotr-Watt  College,  Edinburgh— 400  lamps, 
16  candle-power,  100  volts.  Tested  15th  September,  1888  (after 
buildings  had  been  standing  without  heating  for  over  three 
months),  and  found  insulation  resistance  =  6,000  ohms. 

Tested  again  22nd  September  (heating  haying  been  going  on 
since  15th),  and  found  insulation  resistance  =  11,000  ohms. 

The  £Bdl  in  insulation  was  entirely  due  to  moisture,  which  was 
deposited  heavily  pn  the  slate  base  switches. 

Installation  at  Free  Frees  office,  Aberdeen — 200  lamps,  16 
candle-power,  100  volts.  Tested  30th  August,  1888,  and  foimd 
insulation  resistance  s  70,000  ohms. 

I  may  add  that  the  above  examples  are  average  practice,  and  ^ 
very  much  what  we  get  in  installations  on  board  ship. 
VOL  xvin.  9 
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In  dynamos  we  find  it  much  more  difficult  to  work  up  to 

Jamieson's  rule ;  in  fact,  it  requires  great  ca/re  in  the  quality  of 

materials  and  in  the  application    of   same   to    maintain    this 

standard. 

Fjlbjlsat  Electrical  Wobks, 

Campbbll  Strbbt,  Gotak,  Qlasoow, 

13M  February,  1889. 


By  E.  W.  Begkingsale,  Associate. 

Of  the  rules  on  the  insulation  resistance  of  electric  light 

installations    presented  to   the  meeting  of  the  Institution  of 

Electrical  Engineers  for  discussion  by  Professor  A.  Jamieson,  that 

E 
which  appears  to  be  the  most  generally  suitable  is  R  =  10*^; 

\j 

this  constant,  10*,  being  not  too  high  for  contractors  to  work 

up  to,  and  not  too  low  for  electricians  to  pass. 

But  such  a  rule  has  an  arbitrary  character,  and  does  not  meet 
the  requirements  of  some  of  the  electric  lighting  cables  and  wires 
in  use  which  have  a  very  high  resistance  to  leakage. 

Beference  is  made  to  the  lead-cased  cables  in  which  the  con- 
ductor is  insulated  with  a  fibrous  material  steeped  in  a  hydro- 
carbon. Though  high  insulation  per  se  is  not  required  to  produce 
a  good  sound  cable  or  wire,  yet  it  is  desirable  that  the  normal 
electric  resistance  of  the  insulation  should  be  maintained  within 
some  30  per  cent,  of  the  factory  tests  after  the  wire  is  erected  ; 
otherwise  the  cables  contain  defects,  probably  caused  by  damp  or 
by  rough  usage,  which  are  detrimental  to  their  life  and  contain 
the  elements  of  mischief. 

It  is  evident  that  we  require  different  values  of  K  for  different 
types  of  cable.  If  we  consider  the  factory  tests  of  a  No.  5  B.W.Gr. 
lead-cased  fibre-insulated  wire  and  of  a  No.  18  B.W.G.  wire  of  similar 
make,  which  are  8,000  ft  and  15,000  il  per  mile  respectively,  and 
compare  these  resistances  with  the  300  or  600  H  per  mile  of  a 
vulcanised  india-rubber-covered  cable,  it  does  not  seem  right  that 
the  same  constant  (10*)  should  be  applied  to  the  tests  of  these 
TO  widely  different  classes  of  wire.     Dampness  of  the  insulating 
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maierialy  especially  of  the  lead-cased  cables,  will  generally  let 
down  its  megohms  in  a  surprising  manner,  and  within  reach  of 
the  most  hmnble  instrument  to  measure ;  but  this  is  not  always 
one's  fortune.  Cases  have  occurred  within  the  cognisance  of  the 
writer  in  which  the  admission  of  water  caused  only  a  partial  loss  of 
resistance.  One  of  these  leakages  was  measured— or,  rather,  that 
of  the  cable  was — ^which  showed  a  decrease  of  insulation  from 
33,000  tl  to  1,700  XI.  The  cause  of  the  fetult  was  apparent,  and  it 
was  cut  out,  but  under  the  rules  it  need  not  have  been. 

The  abundant  use  of  compound  in  the  insulation  of  joints  is 
to  be  condemned.  The  writer  has  employed  a  sleeve  of  the  same, 
or  of  similar,  insulating  material  to  that  which  the  conductor 
is  covered  with :  this  is  placed  over  the  end  of  one  of  the  wires 
before  it  is  soldered,  and  then  drawn  into  position  over  the  joint. 
The  sleeves  must  be  long  enough  to  lap  over  and  embrace  the 
insulating  material  of  the  conductor  at  either  side.  India-rubber 
cement  may  be  used  sparingly,  and  the  ends  bound  with  fine 
twine. 

A  slight  modification  of  this  insulation  joint  is  required  for  T 
joints. 

Ftf&niory  15^^,  1889. 


By  Charles  Bright,  Member. 

I  was  rather  surprised  to  hear  it  suggested  during  the  dis- 
cussion that  guttarpe'rcha  was,  in  a  geTieral  way,  preferable  to 
vulcanised  india-rubber  for  electric  light  purposes;  though  it 
appears  to  me  that  it  may  perhaps  be  superior  in  the  particular 
case  of  mines  or  collieries,  under  certain  circumstances — where 
the  ground  is  subject  to  water,  or  where  it  is,  at  any  rate,  moist 
or  damp. 

It  is  well  to  remember  the  following  facts,  however : — Gutta- 
percha is,  so  to  speak,  essentially  a  "  wet  bob  " :  in  water  it  may 
be  said  to  be  imperishable,  and  not  only  retains  its  electrical 
qualities,  but  absolutely  improves  in  insulation  by  age  to  a 
considerable  extent ;  whereas  the  resistance  of  india-rubber,  even 
when  vulcanised,  goes  off,  as  a  rule,  by  age  when  in  water.     In  a 
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dry  soil,  however,  vulcanised  india-rubber  generally  proves  more 
durable  as  an  insulating  medium  than  gutta-percha ;  and  when 
exposed  to  the  oxidising  influence  of  air  (as  in  the  case  of  an 
aerial  line),  gutta-percha  rapidly  deteriorates  by  cracking,  espe- 
cially in  a  smoky,  or  otherwise  foul,  atmosphere,  and  its  resistance 
is  soon  fatally  lowered  in  consequence.  Vulcanised  indiarrubber 
is  found  to  be  much  more  durable  under  the  same  circumstances. 
In  very  low  temperatures,  moreover,  gutta-percha  becomes  hard 
and  cracks  still  more  readily. 

The  highest  temperature  before  which  any  species  of  gutta- 
percha gum  begins  to  soften  is  120^  Fah.,  whereas  no  mixture  of 
vulcanised  india-rubber  softens  until  about  the  boiling  point  of 
water  is  reached.  No.  4  of  the  Society  of  Telegraph  Engineers' 
"  Eules  for  the  Prevention  of  Fire  Risks "  suggests,  very  pro- 
perly I  venture  to  think,  that  "  whatever  insulating  material  is 
"  employed,  it  should  not  soften  until  a  temperature  of  170°  Fah, 
"  has  been  reached." 

India-rubber  when  vulcanised,  being  so  much  less  aflFected 
physically  or  electrically  by  temperature  than  gutta-percha,  it  is 
better  suited  as  an  insulator  to  a  conductor  carrying  high  currents. 
If  large  currents  are  used,  or  if  the  line  be  exposed  to  the  sun, 
the  conductor  is  much  more  liable  to  fall  excentric  in  a  gutta- 
percha covering  than  in  one  composed  of  vulcanised  india-rubber, 
owing  to  the  greater  sensitiveness  of  gutta-percha  to  temperature; 
with  a  given  limit  of  thickness  for  insulating  purposes,  this  is 
liable  to  be  the  cause  of  serious  faults. 

In  order  to  avoid  the  above  ill  eflfects  of  overheating,  the 
conductor  would,  in  a  given  circuit,  require  to  be  heavier  in  a 
gutta-percha  core  than  with  a  vulcanised  india-rubber  covering, 
and,  consequently  (which  is  a  more  important  item  from  an 
expense  point  of  view),  a  greater  weight  of  gutta-percha  will  be 
necessary  than  in  the  case  of  the  india-rubber  core,  in  order  to 
give  the  same  thickness,  so  as  to  offer  the  same  insulation  resist- 
ance beyond  the  extra  amount  which  might  be  required  owing 
to  the  difference  of  their  specific  resistances. 
Febmtry  20M,  1889.  0,^,,^^,  .^  GoOglc 
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PROFESSOR  JAMIESON'S  EEPLY  TO  DISCUSSION  ON 
HIS  PAPER  ON  "THE  INSULATION  RESISTANCE 
"OF  ELECTRIC  LIGHt  INSTALLATIONS." 

I  am  very  glad  that  my  conimunication  has  given  rise  to  such 
an  extensive,  complete,  and  instructive  discussion.  In  reading 
over  the  printed  reports,  I  find  that  every  point  raised  in  the 
paper,  and  ahnost  every  firesh  idea  expressed  by  members,  has 
been  met  and  answered  by  one  or  more  of  the  speakers  and 
correspondents.  The  duty  of  replying  is  thereby  rendered  much 
easier  than  it  would  otherwise  have'been. 

Mr.  Preece  hit  the  nail  on  the  head  when  he  said,  "  There 
"  must  be  a  distinct  rule  for  deciding  what  shall  be  the  minimvm 
"  insulation  resistance  to  be  given  to  installations  under  the  worst 
**  circumstances ; "  and,  "  How  is  it  possible  for  local  authorities, 
"scattered  all  over  the  country,  to  decide  what  is  a  defective 
"  main,  or  what  is  a  defective  lead,  unless  we,  the  Institution  of 
"Electrical  Engineers,  are  able  to  define  some  law  that  shall 
"  decide  the  difference  between  a  bad  and  a  good  conductor  ?  " 

I  gather  from  the  remarks  of  several  of  the  speakers  that  it 
would  be  necessary  to  have  different  rules  for  each  of  the 
following  cases : — 

1.  Installations  worked  by  continuous  currents  at  constant 

E.M.F. 

2.  Installations  with  constant  currents,  such  as  are  common 

to  arc  light  circuits  or  with  low-resistance  incandescent 
lamps  in  series. 

3.  Alternating-current  systems. 

These  would  require  to  be  supplemented  by  constants  for — 
'     (a.)  Subterranean  main  supply  cables. 
(6.)  Overhead  main  supply  wires. 

(c.)  The  complete  system  of  leading  wires  within  buildings, 
(d.)  The    switch-boards,  and    the  fittings,  separately    and 

combined. 
(«•)  The  generators  of  electrical  energy. 
(f»)  The  transformers  of  electrical  energy. 
I  would  therefore  suggest  that  the  Institution  df^ 
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Engineers  should  appoint  a  Committee  to  draw  up  and  send 
out  forms,  including  each  of  the  above  cases,  to  electricians 
and  firms,  requesting  them  to  fill  these  up  and  return  them  to 
the  Secretary.  The  desired  information  would  then  be  obtained 
upon  a  uniform  and  comparable  system,  which  would  enable  the 
Committee  to  decide  upon  the  most  suitable  rules  and  constants. 
Mr.  Kempe  draws  attention  to  the  omission  in  the  paper  of 
not  distinguishing  between  the  insulation  resistance  of  the  cables 
or  leads  and  that  of  the  fittings.  When  I  first  began  to  test 
electric  light  installations  (i.e.y  when  I  was  fresh  from  submarine 
cable  work),  I  always  tested  the  leads  by  themselves,  and  laid 
down  a  rule  of  ^^  one  megohm  per  lamp  for  every  volt  in  the  case 
"  of  the  leads  by  themselves."  Now,  however,  when  called  in  to 
seport  upon  completed  installations,  I  find  that  contractors  object 
to>  the  disconnecting  of  all  their  leads  from  the  fittings  and  lamps, 
for  they  say,  **  To  disconnect  all  the  wires  every  time  a  special 
"  test  has  to  be  applied  would  do  more  barm  than  good ; "  and 
usually  add,  ^^  Apply  your  tests  to  the  whole  installation  as  it 
^^  stands,  seeing  that  is  the  working  condition  of  afGairs."  When 
I  have  the  opportunity  of  drawing  up  specifications  and  of 
inspecting  the  whole  of  the  work,  I  now  insist  upon  insulation 
resistance  tests  being  applied  to  all  the  coils  of  insulated  wire 
before  they  leave  the  contractor's  works  ;  the  colls  being  sub- 
merged in  water  for  not  less  than  six  hours  immediately  previous 
to,  and  during,  the  tests.  The  coils  are,  of  course,  afterwards 
carefully  dried.  In  the  case  of  coils  that  do  not  considerably 
exceed  the  minimum  insulation  resistance  allowed,  I  have  them 
subjected  whilst  in  the  water  to  an  E.M.F.  50  per  cent,  greater 
than  the  proposed  working  E.M.F.  for  some  considerable  time, 
and  then  tested  again.  Should  any  appreciable  reduction  in  their 
insulation  resistance  have  taken  place,  due  to  the  stress  or  fault- 
ferreting  currents,  the  coils  are  rejected.  The  leads  are  again 
tested  when  fitted  up,  before  the  switches,  &c.,  are  attached,  and 
finally  the  whole  combination,  immediately  previous  to  and  after 
the  preliminary  or  trial  run  of  the  complete  plant.  I  still  think 
that  the  application  of  high  E.M.F.'s  is  only  necessary  for  the 
purpose  of  putting  a  severe  stress  upon  the  insulating  material  o 
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the  cables  and  leads.  If  a  weakness  or  small  fault  exists,  it  will 
be  •pened  up  by  the  proper  application  of  this  stress,  and  then 
the  correct  measurement  of  its  value  (and  even  the  position  in 
some  cases)  can  be  more  accurately  obtained  by  the  employment 
of  a  lower  E.M.F.  combined  with  more  delicate  apparatus  than 
oould  be  conveniently  or  safely  used  with  the  higher  E.M  J'.'s. 

In  the  case  of  important  district  mains  and  sub-mains,  it  will 
be  found  absolutely  necessary  to  carefully  test  them  periodically 
Slid  record  the  results  of  their  insulation  resistance  quite 
i/ndependemi  of  that  of  the  distributing  apparatus  and  the 
leads,  &c«,  in  the  various  places  or  buildings  supplied  with 
•current.  The  very  simple  and  easily  applied  test  described  by 
Dr.  Hopkinson  (and  referred  to  by  a  foot-note  in  the  paper,  see 
p.  58)  will,  however,  be  found  very  useful  and  convenient,  since 
it  is  specially  adapted  for  the  working  conditions  of  installa- 
tions. The  person  in  charge  of  an  installation  does  not  neces- 
flarily  require  to  know  anything  about  the  principle  of  the  test,  or 
to  be  even  able  to  work  out  the  equations,  if  he  is  supplied  with 
n  table  giving  him  the  insulation  resistance  corresponding  to  the 
•employment  of  the  various  resistances  in  the  arms  of  the  bridge. 
All  he  has  to  do  is  to  vary  these  resistances  until  he  finds  no  deflec- 
tion on  his  galvanometer,  and  then  refer  to  the  table  and  record 
the  result.  In  faust,  it  would  be  possible  to  arrange  for  an 
automatic  recorder  of  the  working  insulation  resistance  of  an 
installation  upon  this  principle. 

The  moral  effect  of  a  definite  set  of  rules  and  system  of 
testing  for  insulation  resistance  upon  contractors,  and  still  more 
.80  upon  the  workmen  employed  in  fitting  up  installations,  was 
not  touched  upon  by  any  of  the  speakers.  There  cannot  be  the 
«lighteflt  doubt  but  that  a  contractor  and  his  foremen  have  a 
whip  hand  over  their  men  if  they  can  say,  "Well,  now.  Jack,  you 
-**mu8t  take  special  care  this  time  with  the  leads,  joints,  and 
-^fittings,  for  Professor  Spot  is  coming  down  with  that  magic 
-**  mirror  of  his,  which  will  show  up  the  weak  points  in  your  work, 
^  and  if  the  deflection  should  be  too  great  you  will  get  time  for 
•^  reflection  at  your  own  expense !  '* 

Digitized  by  VjOOQ iC 
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COMMUNICATION  FEOM  SIR  WILLIAM  THOMSON, 
PRESIDENT. 

In  speaking  of  the  practical  superiority  of  copper  over  iron  for 
high-speed  telephony  or  telegraphy  in  my  recent  Presidential 
Address,  with  reference  to  which  I  quoted  Mr.  Bennett's  practical 
experience,  I  should  also  have  quoted  the  following  from  Mr. 
Preece's  paper  "  On  the  relative  Merits  of  Iron  and  Copper  Wire 
"for  Telegraph  Lines,"  read  before  the  British  Association  in 
September,  •  1885,  which  I  had  overlooked  when  I  was  pre- 
paring my  address,  but  which  I  have  since  seen  with  much 
interest.  It  is  contained  on  pages  908  and  909  of  the  British 
Association  Report  of  the  1885  Aberdeen  Meeting : — 

**  The  second  series  of  experiments  were  condaoted  between  London  and 
Newcastle,  and  were  designed,  as  stated  above,  to  test  the  working  efficiency 
of  the  copper  wire  as  compared  with  iron  wires.  They  were  conducted  by 
Messrs.  Chapman  and  Eden. 

Copper  shows  a  very  decided  saperiority  over  iron,  the  speeds  being  as 


foUows  :— 

Copper 

Iron 

Simplex  working 
Duplex 

.      414 

845  words  per  minute. 

.      270        . 

.       287     „ 

It  is  anticipated  that  the  superiority  of  copper  oyer  iron  indicated  by  these 
experiments  will  have  a  beneficial  and  economical  influence  on  our  telegraph 
system,  and  that  its  extended  use  will  enable  us  not  only  to  work  better,  but 
to  dispense  with  intermediate  repeaters  in  many  cases  where,  on  long  lines, 
they  are  now  necessary. 

The  most  interesting  point,  howerer,  in  connection  with  these  experiments 
is  that  they  apparently  prove  that  the  superiority  of  copper  is  not  simply  due 
to  its  smaller  electrostatic  capacity  and  resistance,  but  that  it  is  more 
susceptible  to  rapid  changes  of  electric  currents  than  iron ;  for  when  the 
resistance  and  capacity  of  the  copper  and  iron  wires  were  equalised  by  the 
insertion  of  resistance  coils  and  condensers,  the  speed  on  the  former  was  not 
thereby  diminished.  Possibly  the  magnetic  susceptibility  of  the  iron  is  the 
cause  of  this.  The  magnetisation  of  the  iron  acts  as  a  kind  of  drag  on  the 
currents.  It  is  well  known  that  telephones  always  work  better  on  copper  than 
on  iron  wires,  doubtless  for  the  same  reason. 

These  experiments  also  show  the  high  speed  of  working  that  is  now 
attained  by  the  Post  Office  authorities  with  the  Wheatatone  automatic 
apparatus.  The  following  table  gives  an  interesting  r$9um6  of  the  different 
stages  of  the  progress  made,  and  its  rate  of  growth  ": — 

1881 .  .  190  words  per  minute. 

1882 .  .  200     „  „ 
1888 .        .  260      „ 
1884 .        .  850     „  „ 

W.  T. 

D  March  6thi  1889. 


1877. 

.    80  words  per  minute. 

1878. 

.  100     „ 

1879. 

.  180     „ 

1880. 

.  170     „ 
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The  One  Hundred  and  Eighty-sixth  Ordinary  GeDeral  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
February  21st,  1889 — ^Professor  W.  E.  Aykton,  F.R.S.,  Vice- 
President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  names  of  new  candidates  for  admission  into  the  Institu- 
tion were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Frederick  Jonathan  Down, 

The  paper  for  the  evening,  which,  as  the  author  was  in  the 
United  States,  was  read  by  the  Secretary,  was — 

ON  CERTAIN  PHENOMENA  CONNECTED 
WITH  IMPERf^CT  EARTH  IN  TELEGRAPH   CIRCUITS. 

By  A.  E.  Kennelly,  Associate. 

Since  the  earliest  days  of  commercial  telegraphy — ^the  days 
that  first  reaped  the  labours  of  Soemmering  and  Steinheil,  Gauss 
and  Weber,  Cooke  and  Wheatstone — ^the  substance  of  our  planet 
has  been  impressed  into  such  universal  conducting  duty  that 
now  scarcely  a  circuit  closes,  be  it  across  an  ocean,  or  be  it  across 
a  meadow,  but  embraces  its  share  of  the  earth  in  its  completion ; 
and  the  task  thus  imposed  is  generally  borne  so  readily  and 
executed  so  perfectly  that,  until  the  existence  of  the  eaves- 
dropping telephone,  it  was  really  doubted  whether  in  truth  the 
earth  could  or  did  conduct  the  current  entrusted  to  its  care. 

Considering,  then,  the  great  obligations  telegraphy  owes  to 
the  earth — ^that  the  existence  of  some  hundred  thousand  miles  d^lc 
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metallic  conductor,  at  present  in  daily  telegraphic  operation, 
implies  in  a  certain  sense  the  corresponding  twin  existence  of  an 
equal  length  of  terrestrial  conductor  ready  made  by  Nature  ;  that 
it  has  even  been  possible  to  telegraph  over  a  space  of  which  the 
metallic  conductor  formed  but  a  very  proper  fraction — the  cases 
that  are  met  with  where  the  earth  fidls  to  fulfil  its  part  excite 
astonishment  more  by  their  rarity  than  by  the  force  of  those 
laws  whose  mandates  they  obey. 

Almost  all  such  cases  of  imperfect  earth  are,  we  know,  trace- 
able to  some  fault  either  in  the  earth  connection  itself  or  in  its 
immediate  neighbourhood ;  and  a  remedy  is  found  by  adequately 
increasing  the  surface  area  of  the  buried  electrode,  or  the  con- 
ductivity of  the  ground  in  its  vicinity ;  so  that  they  are  not  really 
failures  of  the  earth's  conduction,  but  failures  in  securing  the 
necessary  degree  of  connection  with  the  earth's  mass. 

There  are,  however,  other  cases,  brought  about  by  conditions 
more  deeply  seated  and  more  rarely  met  with,  which  will  occupy 
our  present  attention. 

A  paper  by  Mr.  James  Graves,  **  On  Vibrations  due  to  Eaith- 
"  Plates,"  was  read  before  this  Institution  in  January,  1875,  and  it 
will  be  seen  that  the  phenomena  therein  described  are  probably 
related  to  those  that  will  be  presently  detailed.  Although  the 
matter  has  not  occupied  the  Institution's  direct  attention  since  that 
date,  no  doubt  some  of  its  members  will  have  independently 
observed  similar  phenomena,  and  can  bring  forward  such 
additional  evidence  as  cannot  fail  to  elucidate  a  subject  at  once 
replete  with  technical  interest  and  important  practical  bearings. 

These  phenomena  are  presented  by  the  Atlantic  cables  of  the 
Direct  United  States  Cable  Company,  with  whose  permission  the 
facts  are  laid  before  the  Institution. 

The  two  cables  of  this  company  terminating  in  Nova  Scotia 
run  to  Ireland  and  to  Rye  Beach  respectively.  Their  landing 
place  was  originally  Torbay,  N.S.,  but  they  were  removed  thence 
to  Halifax  some  eighteen  months  since. 

The  diagram  map  supplies  the  outlines  and  main  features  of 
Halifax  Harbour.  The  Irish  cable  was  first  brought  into  the 
cable-house,  situated  40  feet  above  high-water  mark,  upon  the 
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beach  opposite  Greorge  Island,  on  the  23rd  October,  1887,  and  it 
■was  put  in  communication  with  the  town  office  by  means  of  a 
line  cable  and  a  return  earth  cable,  side  by  side,  in  an  iron  pipe. 
Each  cable  was  0"7  knot  long,  had  a  resistance  of  8*3  o),  a  capacity 
of  0*25  ^,  and  a  high  insulation.  The  line  cable  united  with  the 
Irish  shore  end  through  lightning  guards,  while  the  earth  cable 
made  good  soldered  connection  with  the  shore  end  sheathing. 

Some  vibifation  of  the  mirror  spot,  due  to  electricid  dis- 
turbance, was  noticed  on  first  joining  up  the  circuit  at  the  office 
through  instrument  and  condensers,  but  this  was  at  the  time 
attributed  to  fftults  which  then  existed  in  the  cable.  Beyond 
this  continual  vibration,  no  noteworthy  feature  occurred  until  six 
days  later  (29th  October),  when  the  Rye  Beach  cable  was  landed 
at  the  same  cable-house,  and  joined  up  with  the  office  by  a  pre- 
cisely similar  pair  of  cables  running  through  iron  piping  in  the 
same  trench  with  the  other  above  mentioned.  This  cable  is 
worked  on  the  double-current  Morse  system  without  condensers, 
and  it  was  immediately  noticed  that  sending  to  Rye  Beach  with 
12  volts  of  battery  power  visibly  disturbed  the  mirror  spot  on  the 
Irish  circuit,  although  each  cable  made  earth  separately  through 
its  own  sheathing  via  the  insulated  return  cables  to  the  beach. 
Beceiving  from  Rye  Beach  did  not  disturb  the  mirror,  nor  did  the 
operation  of  the  Irish  cable  in  its  turn  affect  the  less  delicate 
apparatus  of  the  Morse  circuit. 

The  only  remedy  that  could  be,  or  has  since  been,  practically 
available,  without  adding  to  the  retardation  of  the  circuits,  was 
the  reduction  of  the  Morse  battery  power  on  one  hand,  and 
the  sensitiveness  of  the  Irish  mirror  on  the  other,  as  far  as  the 
operation  of  the  circuits  would  conveniently  permit. 

After  the  removal  of  the  faults  in  the  Irish  cable  the 
vibrations  of  the  mirror  still  continued,  and  it  was  noticed 
that  not  only  these,  but  periods  of  disturbance  coincident 
with  local  meteorological  changes,  affected  the  signals  more 
than  had  been  on  record  with  the  same  circuit  when  worked 
previously  from  Torbay.  On  this  was  superposed  the  inter- 
ference caused  by  transmission  on  the  Rye  Beach  circuit,  audi 
the  combined  disturbance  at  times  made  the  mirror  signals 
difficult  to  read. 
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The  Bye  Beach  shore  end  was  at  first  laid  very  near  to 
the  Irish  cable,  and  actually  over  it  at  one  or  two  points. 
The  cables  were,  however,  subsequently  separated,  although 
they  still  necessarily  lie  at  different  points  in  close  proximity. 
This  separation  of  the  cables  was  found  to  have  sensibly  lessened 
their  interference. 

The  operation  of  the  cables  from  the  cable*house  instead  of 
from  the  office  was  found  to  produce  no  change  in  the  nature  or 
degree  of  disturbance,  while  experiment  failed  to  produce  any 
visible  interference  between  the  trenched  cable  circuits  firom 
office  to  Beach,  even  on  the  most  delicate  instruments. 

A  third  cable  was  then  laid  from  the  cable-house  across  the 
harbour  and  out  through  the  eastern  passage  in  the  direction 
shown  on  the  diagram.  It  had  a  total  length  of  5*8  knots, 
sheathed  up  to  within  half  a  mile  of  the  sea  end.  This  un- 
sheathed half-mile  of  core  terminated  in  a  copper  earth-plate  one 
yard  square,  nearly  on  a  line  between  Thrumcap  Bock  and 
Hartland  Point.  This  well-insulated  line  offered  every  prospect 
of  securing  a  good  and  independent  ^^  earth  ^  by  its  large  terminal 
plate.  When,  however,  it  was  joined  up  at  the  cable-house  with 
the  Irish  circuit,  in  the  place  of  the  Irish  shore  end  sheathing, 
the  interference  from  the  Bye  Beach  transmission  remained  as 
marked  as  ever. 

To  determine  the  nature  of  this  obstinate  interference,  a 
series  of  experiments  was  made  at  the  cable-house,  as  follows. 

All  existing  connections  were  for  the  time  dismantled,  and 
only  the  two  cables,  the  two  earth-wires  soldered  to  their 
respective  sheathings,  and  the  core  of  the  third  cable,  or  six-mile 
earth,  were  brought  up  to  the  testing  table. 

The  resistances  between  these  three  earth-wire  terminals  ?ras 
measured  as  follows  by  bridge : — 
Between  Irish  sheathing  and  Bye  Beach  sheathing  0*16  «1 

„  „  „  „   six-mile  earth    ...     65*7 «  >  ^     ■» 

„    Bye  Beach  „  „        „        „  ...     65*7 «  ) 

From  which  the  resistance  of  each  sheathing  earth  connection 
would,  of  course,  be  0*08  q>,  and  of  the  six-mile  earth  65*6  o. 

The  only  apparatus  then  retained  for  investigation  was  a 
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Baniell  battery  of  fourteen  grayity  cells — ^used  with,  and  sometimes 
also  without,  a  pole-changer — ^for  exciting  disturbance,  and  a 
sensitive  speaking  mirror — used  with,  and  also  without,  condensers 
of  40  ^  capacity — ^to  render  any  interference  visible. 

Eocperiment  1.     See  Fig.  1. 
Sending  reversals  from  seven  cells  into  the  Rye  Beach  cable 
prodaced  vibrations  of  the  spot  on  the  mirror  instrument  in 
circuit  with  the  Irish  cable,  its  sheathing,  and  40  ^. 

Experiment  2.    See  Fig,  2. 
Similarly,  sending  reversals  into   the  Irish  cable,  using  its 
sheathing,  produced   vibrations  on  the  mirror  in  circuit  with 
the  Bye  Beach  cable  condenser  and  sheathing. 

Expermieht  3.     See  Fig.  3. 
Sending    reversals    into    the    fiye    Beach    cable    produced 
vibrations    on    the    mirror    in    circuit    with    the    Irish    cable 
condenser  and  six-mile  earth. 

EocperimeTit  4.    See  Fig.  4. 
Sending    reversals    into    the    fiye  Beach  cable,  using  the 
six-mile  earth,  produced  vibrations  on  the  mirror  in  circuit  with 
the  Irish  cable  condenser  and  its  own  sheathing. 

Ea^perim&nt  5.    See  Fig.  5. 
Sending  reversals  into   the  Irish  cable,  using  the  six-mile 
earth,  produced  vibrations  on  the  mirror  in  circuit  with  the 
Rye  Beach  cable  condenser  and  its  own  sheathing. 

Experimenit  6.    See  Fig.  6. 
Sending    reversals    into    the    Irish    cable,    using    its    own 
sheathing,  produced  vibrations  on   the  mirror  in  circuit  with 
the  Eye  Beach  cable  condenser  and  six-mile  earth. 

Experiment  7.    See  Fig.  7. 
Sending  reversals  on  the  circuit  formed  by  the  six-mile  earth, 
battery,  and  Bye  Beach  sheathing,  the  disturbance  on  the  mirror 
in  circuit  with  the  Irish  cable  condenser  and  sheathing  was  more 
decided  than  in  any  of  the  preceding  experiments. 

ExperiTnefni  8.    See  Fig.  8.         n  ,  i   ^  hw  Google 
Similarly,  sending  reversals  on  the  circuit  formed  by  the 
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six-mile  earth,  battery,  and  Irish  cable  sheathing^  the  disturbance 
on  the  mirror  in  circuit  vdth  the  Rye  Beach  cable  condenser  and 
sheathing  was  equally  great. 

Experimerd  9. 

The  two  last  experiments  were  repeated  with  the  condenser 
removed  and  the  mirror  in  direct  circuit  between  cable  and 
sheathing.  The  continual  \'ibration  of  the  spot  made  observa- 
tion difficult;  but  during  periods  of  comparative  quiescence  it 
was  soon  determined  that  the  disturbance  produced  by  depresa- 
ing  one  of  the  keys  was  not  of  a  momentary  nature  only,  bat 
consisted  of  a  small  deflection,  permanent  during  the  whole 
period  of  key  application,  and  of  direction  depending  upon  the 
key  selected.  It  was  also  ascertained  that  this  deflection  was  not 
due  to  any  local  electro-magnetic  action  by 

Eospei'iment  10.     See  Fig.  9. 

On  sending  reversals  between  the  two  cable  sheathings  in 
circuit  with  the  battery,  no  disturbance  could  be  detected  on  the 
mirror  in  circuit  with  one  of  the  cables  and  the  six-mile  earth. 

This  small  steady  deflection  produced  by  holding  down  the 

key  in  either  of  the  two  cases  tried  in  Experiment  9  was  more 

plainly  visible  when  the  mirror  was  in  circuit  with  the  Rye  Beach 

cable,  which,  besides  its  shorter  length,  had  no  condenser  in 

circuit  at  the  distant  station.    To  obtain  some  quantitative  inform 

mation  regarding  the  strength  of  current  represented,  the  fourteen 

cells  were   connected  in  series  and  more   careful  observations 

made. 

Experiment  11.     See  Fig.  10. 

Closing  the  circuit  formed  by  the  fourteen  cells,  the  six-mile 
earth,  and  Irish  sheathing,  measurements  were  made  of  the 
steady  deflection  so  produced  on  the  mirror  joined  up  with  the 
Rye  Beach  cable  and  sheathing. 

The  deflection  obtained  was  subsequently  found  to  approxi- 
mately represent  the  two-hundred-thousandth  part  of  an  ampere 
— i.e.,  5  micro-amperes — and  its  direction  was  observed  to  be  that 
indicating  a  current  entering  the  Rye  Beach  cable  irom  that  pole 
of  the  battery  which  was  connected  to  the   Irish  sheathing,. 
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lereTsmg  when  the  battery  was  reversed.  Thus,  in  the  figure 
the  copper  pole  of  the  battery  being  shown  connected  to  the 
sheathing,  the  deflection  represented  a  current  from  the  copper 
pole  entering  the  Bye  Beach  cable  through  the  mirror. 

Experiment  12.    See  Fig.  11. 

The  Irish  sheathing  was  replaced  in  the  battery  circuit  by 

the  water-pipe  earth  connection    at    the    office    through    the 

trenched  cable.     On  depressing  the  key  the  mirror  showed  the 

same  permanent  degree  of  disturbance  as  before,  in  each  cable 

circnit. 

Expervmeat  13. 

This  experiment  was  a  repetition  of  No.  3,  with  the  condenser 
removed.  It  was  subsequently  observed  in  this  case  that  the 
disturbance  was  not  permanent  during  the  depression  of  the 
battery  key,  but  consisted  of  a  small  vibration  of  the  spot  at  the 
opening  and  the  closing  of  the  battery  circuit. 

Experiment  14.    See  Fig.  12. 

This  was  carried  out  at  the  office,  situated  in  the  principal 
street  of  the  town,  and  nearly  opposite  to  the  Western  Union 
Telegraph  Office,  fifty  yards  distant.  All  the  Western  Union 
wires  are  overhead,  and  the  earth  connections  made  for  them  are 
the  gas  and  water  mains,  which,  with  the  telephone  lines,  form 
the  only  metallic  connection  between  the  two  buildings.  With 
the  courteous  assistance  of  the  Western  Union  officials  it  was 
anranged  that  at  a  given  word  by  telephone  several  of  their 
circuits  should  suddenly  be  operated,  and  again,  all  stopped. 

When  this  was  done  the  elSect  was  distinctly  visible  upon  a 
mirror  in  circuit  with  each  cable,  the  disturbance  being  greater 
on  the  Bye  Beach  line,  the  earth  connections  being  the  cable 
sheathings  through  the  insulated  cables  in  the  trench.  Ouly 
four  known  causes  could  under  any  conditions  produce  inter- 
ference between  the  two  cable  circuits,  these  being,  of  course, 
electrostatic  induction,  electro-magnetic  induction,  leakage,  or 
bad  earth  connection  in  common ;  and,  in  the  absence  of  evidence, 
any  one  or  more  might  produce  it,  although  no  reason  could  bejle 
demanded  for  the  operation  of  any,  since  cables  lie  in  other  part& 
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of  the  world  for  greater  distances  at  equal  proximity  without  the 
least  visible  interference. 

Experiment  No.  10,  together  with  the  preliminary  trials  with 
the  trenched  cables,  showed  that  the  causes  were  not  to  be  traced 
locally  to  these  or  to  the  apparatus ;  and  the  high  insulation  of 
the  cables  and  circuits,  together  with  the  fact  that  the  tests  were 
carried  out  at  the  cable-house,  precluded  all  possibility  of  leakage 
being  concerned,  so  that  the  operating  causes  were  thus  limited 
to  the  two  forms  of  induction  and  bad  earth. 

The  first  six  experiments  did  not  directly  point  in  favour  of 
any  particular  cause,  but  Nos.  7  and  8  rendered  the  possibility  of 
electro-magnetic  disturbance  untenable,  since  the  exciting  circuit, 
except  in  the  cable  sheathing  itself,  took  a  course,  as  seen  on 
the  map,  almost  at  right  angles  to  the  two  main  cables.  They 
further  showed  that  the  interference  was  such  as  a  deficient  earth 
connection  would  produce.  Experiment  No,  9  confirmed  this 
view,  since  no  form  of  induction  could  set  up  the  steady  deflec- 
tions observed ;  and  leakage  being  out  of  the  question,  bad  earth 
was  the  only  cause  that  could  produce  them.  It  was  further 
necessary  to  suppose  that  not  only  one  but  both  cable  sheathings 
failed  to  secure  good  earth,  and  that  the  resistance  in  their 
respective  earth  connections  was  common  to  both. 

Experiment.il  corroborated  this  position ;  and  No.  12  did  more, 
for  it  extended  the  limits  of  this  bad  earth  region  over  the  whole 
water-pipe  area  of  Halifax,  as  it  would  have  been  impossible  to 
obtfdn  interference  under  those  conditions  unless  the  cable 
sheathings  and  the  town  water-pipes  formed  a  common  conduct- 
ing system  throughout  whose  limits  imperfect  earth  connection 
existed.  Finally,  the  evidence  of  Experiment  14  followed  the 
same  direction,  the  exciting  circuit  being  in  this  case  the  Western 
Union  land  lines. 

The  imputation  of  bad  earth  to  the  gas-  and  water-pipe  area 
of  a  town,  and  that  town  a  seaport,  is  sufficiently  remarkable  ; 
but  the  presumption  of  a  general  earth  imperfection  in  a  system 
of  extended  water  and  gas  mains,  together  with  the  sheathings 
of  three  cables  running  directly  into  an  arm  of  the  sea,  may  at 
first  sight  appear  an  outrage  upon  credulity.    Due  consideration 
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of  the  experimental  evidence  renders  the  conclusion,  however, 
inevitable ;  and  this  is  tantamount  to  the  assertion  that  the  whole 
of  this  system — ^that  is  to  say,  all  the  land  covered  by  the  town, 
as  well  as  that  forming  the  harbour  basin — is  composed  of  sub- 
stance more  or  less  insulated  or  insulating. 

One  of  the  most  interesting  features  in  the  geology  of  Nova 
Scotia  is  that  the  Atlantic  seaboard  presents  an  uninterrupted 
line  of  Lower  Cambrian  formation.  The  relation  of  this  fact 
to  our  immediate  subject  is  patent  when  we  remember  that 
these  rocks — early  in  order  of  geological  structure,  and  said 
to  be  almost  destitute  of  organic  remains — are  here  almost 
entirely  composed  of  argillites,  quartzites,  and  micaceous  schists 
— slates  and  grits— substances  experimentally  known  to  be 
non-conductors;  and  according  to  the  published  papers  of 
Professor  Honeyman,  who  has  studied  the  geology  of  Nova 
Scotia  for  many  years,  no  other  formations  mingle  with  the 
Lower  Cambrian  in  the  structure  of  the  Halifax  basin  except 
the  stiU  lower  archsean  granites,  all  of  which  are  presumably 
non-conductors.  In  fact,  the  renowned  natural  advantages  of 
Halifax  Harbour  are  due  to  the  unrelieved  presence  of  these 
abrupt  slaty  cliffs  that  immediately  underlie  the  soil  for  miles 
inland. 

The  question  then  arises,  Granting  that  on  the  above 
geological  considerations  the  rocky  basin  of  the  harbour  and 
foundation  of  the  city  form  an  insulating  crust,  or  one,  at 
least,  interposing  a  decided  amount  of  resistance  between  the 
superficial  conducting  system  and  the  ocean  or  earth's  mass,— 
is  the  resistance  that  can  be  jointly  offered  by  the  three  cable 
sheathings  and  the  whole  waterway  between  the  cable-house 
and  open  sea,  of  sufficient  magnitude  to  produce  the  degree 
of  interference  observed  ? 

The  answer,  which  seems  to  be  affirmative,  strictly  demands 
a  computation  of  the  resistance  offered  by  the  entire  mass  of 
sea-water  in  the  harbour  under  those  conditions.  This  would 
be  a  gigantic  problem  to  solve  with  any  pretence  to  accordance 
with  nature ;  but  for  the  purposes  of  the  case  such  limitations 
may  be  admitted  as  shall  greatly  simplify  the  calculation.  o  ~ 
vou  xvra,  10 
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The  map  shows  that  three  channels  open  upon  the  inner 
harbour,  one  running  inland  through  the  narrows,  and  two 
passing  seawards — ^the  eastern  passage,  and  the  main  or  southern 
entrance.  The  inland  channel  terminates  in  a  bay  some  miles 
beyond,  and  may  be  considered  to  be  practically  insulated  with 
the  rest  of  the  basin.  The  waterway  in  the  shallow  and  narrow 
eastern  passage  will  evidently  offer  a  comparatively  high  resist- 
ance compared  with  that  of  the  main  entrance,  which,  therefore, 
demands  principal  attention. 

The  general  mathematical  theory  of  the  earth's  resistance  is 
given  in  Schwendler's  "  Testing  Instructions,"  following  the 
reasoning  of  Smaasen's  theory,  published  in  1847.  It  is  shown 
that  if  a  perfectly  conducting  small  spherical  electrode  of  radios 
r  were  situated  concentrically  within  a  larger  hollow  perfectly 
conducting  sphere  of  radius  B,  and  the  intervening  space  filled 
with  a  homogeneous  substance  of  specific  resistance  /o,  the 
resistance  of  any  elementary  spherical  shell  of  radius  cc,  measured 

from  the  common  centre,  would  be  ^ =,  and  hence  the  total 

resistance  (w)  between  the  two  spherical  electrodes  would  be  the 
integral  of  this  quantity  between  the  limits  a;  =  E  and  aj  =  r ; 

whence  oi  =  -^  ( -,5^ ). 

If  the  radius  K  of  the  outer  electrode  be  indefinitely  increased, 
the  resulting  equation  becomes 

4  Trr' 
which  represents  the  resistance  of    an    unlimited  medium    of 
resistance  /o  to  a  current  passing  from  a  sphere  of  radius  r  to  its 
ultimate  confines.     Similarly,  a  second  small  spherical  electrode 
of  radius  r^  would  offer  under  the  same  circumstances  a  resistance 

^       4  TT  ri 
and  if  these  two  small  spherical  electrodes  were  placed  so  fieu* 
apart  in  the  medium  that  their  direct  influence  on  each  other's 
lines  of  current-flow  would  be  very  small,  the  resistance  between 
them  would  be  ^         j 

Y  -^igitized  by  VjOOQ IC 


+  „.  =  _L(l  +  L 
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-»a  result  equivalent  to  the  statement  that  ahnost  all  the  lines  of 
cnrrent^flow  issuing  from  the  surface  of  each  electrode  would 
unite  with  least  opposition  at  indefinitely  great  distances,  and 
after  indefinite  diffusion  throughout  the  medium. 

If  the  system  were  then  symmetrically  divided  by  an  unlimited 
insulating  plane^  the  resistance  (A)  between  the  hemispheres  on 
one  side  of  the  plane  would  be  double  the  above,  or 

where  c  and  Ci  are  the  circumferences  of  the  two  hemispheres. 

This  would  then  be  the  resistance  between  two  hemispherical 
electrodes  imbedded  in  the  bounding  plane  surface  of  an  indefi- 
nitely extending  homogeneous  medium;  and  if  the  electrodes 
were  not  hemispheres,  but  vertical  plates  imbedding  active 
smdhces  {s  and  81),  the  above  formula  would  approximately  apply, 
if  c  and  Ci  be  the  circumferences  of  equivalent  hemispheres 
exposing  those  areas  respectively,  and  the  transformed  equation 
woidd  be 

— zjOl  equation  independent  of  the  distance  between  the  plates. 

Similar  results  are  obtained  and  published  by  MM.  Mascart 
and  Joubert  by  separate  reasoning.  The  formula  appUes  to  the 
earth's  resistance  in  a  telegraphic  circuit,  on  the  assumption  that 
our  planet  has  a  practical  uniform  conductivity,  and  forms  prac- 
tically an  indefinitely  extended  medium. 

In  the  absence  of  experimental  evidence  it  would  be  difficult 
to  say  how  fax  the  variable  conductivity  of  the  earth's  mass  would 
affect  the  application  of  this  formula*  The  conductivity  of  the 
material  composing  the  earth's  crust  probably  varies  considerably 
in  diffetent  localities,  and  is  generally  not  the  same  as  that  of 
the  ocean,  for  example.  It  might  even  be  assumed  that  the 
redstance  of  the  primary  rocks  is  so  great  as  to  limit  the  con- 
•doctjng  area  almost  entirely  to  the  superincumbent  stratified 
foKlasti0ns. 

In  that  case  the  earth's  telegraphic  resistance  would  be  mor(f 
nearly  oonqparable  to  the  resistance  between  two  small  dista 
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electrodes  imbedded  in  the  sui&ce  of  an  indefinitely  extended 
sheet  of  uniform  thickness  and  conductivity.  On  this  supposition^ 
let  d  be  the  depth  of  the  earth's  conducting  crust,  assumed  to  be 
uniform :  then  the  resistance,  A  {vide  Appendix),  between  two 
earth-plates  of  active  surfaces  {a  and  81)  would  be,  approximately^ 

V^2  TT  V «  \/ V  'T  d  ^  \  d  J 
This  equation  is  the  same  as  that  of  Schwendler  last  stated, 
but  with  the  addition  of  a  second  term  involving  D,  the  distance 
between  the  plates ;  so  that  on  this  theory  the  earth's  resistance 
would  increase  with  the  length  of  the  circuit.  If  submarine  cables 
were  sufficiently  well  insulated,  it  would  be  possible  to  ascertain 
which  of  these  two  theories  is  nearer  to  the  truth,  by  measuring^ 
the  conductor  resistances  of  cables  which  are  laid  in  duplicate  or 
triplicate  between  two  stations;  the  difference  between  the 
resistance  of  any  pair  looped,  and  the  sum  of  their  separate 
resistances  employing  the  earth  circuit,  giving,  of  course,  double 
the  earth's  resistance  between  the  terminals.  It  is,  however, 
impossible  to  decide  from  present  experimental  evidence  in  this 
way,  since  not  only  does  the  difficulty  of  accurately  measuring^ 
these  quantities  probably  increase  with  the  square  of  the  length 
of  cable,  owing  to  leakage  and  other  causes,  but  also  because  this 
second  term  of  the  last  equation  whose  existence  is  in  question 
must  in  aU  cases  be  very  small. 

Generally  speaking,  therefore,  the  experimental  evidence  may 
be  said  to  establish  the  results  given  by  Schwendler's  formula^ 
namely,  that  when  the  earth-plates  are  separated  by  any  distance 
great  compared  with  their  dimensions,  the  resistance  varies  with 
their  active  area,  and  is  independent  of  their  distance. 

Schwendler  gives  an  estimated  superior  limit  of  the  specific 
resistance  of  the  earth  in  India  as  3,300  o,  or  about  100  times 
that  of  saturated  zinc-sulphate  solution  at  10^  C. 

Betuming  to  the  resistance  offered  by  the  waterway  in  the 
main  entrance  of  Halifax  Harbour,  we  may  suppose  a  current  to- 
be  flowing  seawards  through  it  and  the  cable  sheathings  from  the 
cable-house.  The  lines  of  flow  will  permeate  its  whole  area,  and 
the  equipotential  surfaces  may  be  supposed  to  form  across  it  in 
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fiuocessive  carves.  These  sor&ces  will  be  practically  vertical,  and 
a  position  has  to  be  assumed  for  the  ultimate  one  representing 
the  zero-potential,  or  the  snrjbce  that  may  be  considered  to  mark 
the  limit  of  perfect  earth  connection.  Theoretically,  of  coarse, 
this  limit  would  be  &r  out  in  the  ocean ;  but  it  may  be  arbitrarily 
assumed  that  a  vertical  plane  shown  on  the  map  by  a  dotted  line 
connecting  the  Thrumcap  with  the  Mars  Bock  buoy  represents 
this  boundary,  and  that  the  resistance  to  earth  of  the  ocean  mass 
outside  this  plane  is  altogether  negligible.  The  two  other  dotted 
lines  converging  from  this  base  up  to  the  cable-house — one 
skirting  Sandwich  Point,  and  the  other  running  over  Maugher 
Beach — are  intended  to  represent  what  may  be  considered  the 
simple  boundaries  of  an  equivalent  waterway  equal  in  con- 
ductivity to  the  actual  one.  The  average  depth  may  be  taken 
as  14  fathoms.  We  have,  on  this  supposition,  a  mass  of  sea-water 
resembling  a  wedge  with  a  blunt  point,  the  breadth  of  the  base 
being  1*2  knots ;  the  breadth  at  the  apex,  say,  5  metres ;  the 
length,  measured  perpendicularly  to  the  base,  4  knots ;  and  the 
depth,  14  fiithoms.  Strictly  speaking,  the  equipotential  surfaces 
of  flow  will  be  curves  convex  to  the  ocean;  but  the  error 
introduced  will  not  be  great  if  we  consider  them  as  planes 
parallel  to  the  base,  or  zero  surface.  Since  the  fall  of  potential 
will  take  place  with  equal  rapidity  through  the  water  and 
through  the  sheathings,  the  resistance  of  the  latter  may  be  taken 
into  account  later  and  independently.    The  resistance  of  any 


A  r  • 


elementary  lamina  of  thickness  dxy  distant  x  from  the  cable- 
house,  wiU  be  j7~^j-o  ^^^^  P  is  the  specific  rM^^iP^ke 
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water,  h  the  depth,  while  a  and  h  are  constants ;  so  that  the  total 
resist^ce  between  the  two  ends  is 

«=i- '»«■•!• 

where  B  and  A  are  the  breadths  at  the  base  and  apex. 

In  this  case 

1-2 

A  =  14  X  6  X  30-5  =  2,560 ; 

B       185,000  X   4-2 

A=  500 =  ^'^^^^ 

p  =  31. 
The  specific  resistance  of  a  saline  solution  of  density  1*027  has 
been  observed  experimentally  to  be  about  31  ©  at  5°  C. 

With  these  data, 

_  31  X  2-72  X  3-19 
^  ■"       0-3  X  2,560 

=  0-35  0), 

about  one-third  of  an  ohm,  equivalent  to  a  conduc- 
tivity of c 2*9  mhos* 

Compared  with  this,  the  conductivity  of  the  eastern 
passage  channel  may  be  estimated  at  about 
one-fourth,  or 0*7  mho. 

The  conductivity  of  the  two  cable  sheathings,  each 
consisting  of  ten  No.  6  wires,  and  length  4*2 
knots,  would  be  20  x  0-020 =  0-4  mho. 

And,  finally,  the  conductivity  of  7  knots  of  cable 

sheathing  in  the  eastern  passage,  10  x  0*012    =  0*1  mho. 

Total  conductivity     4*1  mhos, 

equivalent  to  a  joint  resistance  of  0*24  o).  So  that  if  the  above 
reckoning  is  sufficiently  fair,  the  resistance  between  the  cable- 
house  and  the  ocean  is  about  a  quarter  of  an  ohm. 

The  resistance  actually  offered  can  be  estimated  from  the  data 
of  Experiment  11,  as  follows : — 

The  E.M.F.  in  the  exciting  circuit  was  about  15  volts;  the 
resistance,  66  cu  in  the  cable  and  earths,  and  24  in  the  battery — 
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total,  90  a»«    In  the  Rye  Beach  circuit  the  resistances  at  the  time 

were,  approximately — 

Observing  mirror     2,000  © 

Cable  conductor       5,800 

Relay  at  Rye  Beach  1,000 


Total         •..        8,800  © 

Since  the  interference  current  observed  in  this  circuit  was,  as 

already   mentioned,  5   x    10-*  amperes,   the  E.M.F.  impressed 

upon  the  cable  due  to  interference  was 

5  X   10-^  X  8-8  X  10»  =  0-044  volts ; 

and  consequently,  if  x  be  the  required  resistance  of  the  general 

earth  connection, 

a;  :  90  ::  0-044  :  15, 

or  X  =  0*26  ft), 

or  an  actual  resistance  of  a  quarter  of  an  ohm.  The  agreement 
between  the  actual  and  measured  values  is  really  much  closer 
than  the  accuracy  of  either  determination  would  warrant. 

The  only  experimental,  results  still  left  unaccounted  for  are 
those  of  Nos,  3,  4,  5,  and  6,  in  all  of  which  the  six-mile  earth  was 
used  either  in  the  exciting  or  observing  circuit ;  and  since  Experi- 
ment 13  proved  that  this  earth-plate  was  outside  the  Umits  of  the 
semi-insulated  basin,  as  might  be  expected  from  its  position  on 
the  map,  it  would  be  impossible  to  account  for  the  interference  in 
those  cases  on  the  score  of  a  common  imperfect  earth.  Reflection 
shows,  however,  that  the  interference  observed  would  be  an  indirect 
necessary  consequence  of  the  imperfect  earth,  since  the  six-mile 
earth,  when  connected  to  either  main  circuit,  forms  a  cable-loop  of, 
say,  10  knots  within  the  Umits  of  the  semi-insulated  basin,  and  a 
slight  variation  in  the  potential  of  the  basin  is  calculated  to 
produce  a  considerable  electrostatic  effect  on  the  cable.  It  has, 
in  £etct,  been  found  experimentally  that  when  1,000  feet  of 
insulated  cable  core  (of  similar  capacity  to  that  of  the  cables  at 
HalifEuc)  are  coiled  in  an  insulated  tank  and  left  in  communication 
with  the  earth  through  a  mirror  instrument,  the  electrostatic 
disturbance  of  the  mirror  is  about  equal  to  that  observed  in 
these  experiments  (3-6)  when  the  potential  of  the  tank  is  altered 
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bj  0*2  volts.  The  total  charge  passing  through  the  mirror  in 
Experiments  3  and  6  would  be  the  resultant  effect  of  the  whole 
system  of  harbour  potential  variation  on  the  four  knots  of  cable 
under  observation,  except  in  so  far  as  the  capacity  of  the  cable 
seawards  would  modify  the  influence.  In  Experiments  4  and  5 
the  interference  would,  on  the  other  hand,  be  due  to  electrostatic 
charge  entering  the  observing  circuit  owing  to  the  variation  in 
the  harbour  potential,  electrostatically  produced  by  the  loop  of 
exciting  cable  traversing  it.  An  external  average  variation  of 
0*01  volt  in  the  potential  of  the  basin  would  suffice  to  account  for 
the  degree  of  interference  observed ;  and  this  amount  of  variation, 
it  is  evident,  the  conditions  amply  supply.  Experiment  13, 
contrasted  with  Nos.  9  and  11,  showed  that  the  interference 
observed  in  cases  3,  4,  5,  and  6  was  of  an  electrostatic  nature. 

The  sensitiveness  of  a  cable  to  external  electrostatic  influence 
can  be  shown  experimentally  by  joining  up  a  mirror  galvan- 
ometer in  circuit  with  100  miles  of  cable  and  earth.  If  the 
distant  end  be  sealed,  and  laid  for  two  or  three  feet  in  an 
insulated  joint  trough  filled  with  water,  the  potential  of  which 
is  capable  of  being  varied  suddenly  through  100  volts  (from 
-h  50  to  —  50),  the  elSect  is  immediately  visible  on  the  galvan- 
ometer ;  and  in  fiEust,  simple  signals  have  been  transmitted  in  this 
way  from  ship  to  shore  through  the  coatings  of  a  joint. 

The  hypothesis  of  an  insulated  or  semi*insulated  basin, 
therefore,  satisfiEustorily  explains  all  the  phenomena  observed. 
It  accounts,  first,  for  the  meteorological  disturbances  which 
are  observed  on  the  cables,  since  any  alteration  of  the  charge  or 
position  of  electrified  clouds  in  the  vicinity  of  the  harbour  may 
affect  the  distribution  of  charge  in  the  cable  to  an  extent  that 
would  not  be  possible  if  the  harbour  were  in  more  perfect  elec- 
trical communication  with  the  ocean  or  earth's  mass ;  and  all  the 
phenomena  experimentally  observed  can  be  traced  either  to  the 
direct  or  indirect  effects  of  this  imperfect  earth  connection— 
directly  by  conduction,  indirectly  by  induction. 

Assuming,  then,  that  the  Lower  Cambrian  rocks  effectively 
insulate  the  Halifia  basin,  it  is  necessary  to  suppose  that  the 
same  effect  would  be  produced  at  any  landing  place  on  the 
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Atlantic  shore  of  Nova  Scotia,  where  these  rocks  so  generally 
prevail*  This  is  also  corroborated  by  the  fact  that  previously  at 
Torbay  some  difficulty  of  the  same  kind  appeared  when  attempts 
were  originally  made  to  utilise  an  ordinary  earth  connection  for 
an  overhead  Morse  circuit.  The  interference  with  the  cables 
thus  set  up  rendered  a  special  earth  necessary  for  the  land  Une  in 
the  bay.  The  fact  that  no  interference  was  visible  between  the 
cables  themselves  is  accounted  for  by  the  open  landing  place  and 
absence  of  any  such  basin  as  Halifax  Harbour  presents. 

In  Mr.  James  Graves's  paper  on  earth  vibrations,  already 
alluded  to,  mention  is  made  of  the  slaty  character  of  the  rock  in 
the  neighbourhood  of  the  station,  and  so  fietvours  the  supposition 
that  the  interference  there  observed  was  due  to  the  same  causes. 

It  is  said  that  in  the  Lake  Superior  region  of  the  United 
States  great  difficulty  has  occasionally  been  foimd  in  obtaining 
efficient  earth,  even  when  no  local  cause  for  the  deficiency  has 
been  apparent.  I  am  indebted  to  Professor  Moses  G-.  Farmer  for 
the  &ct8  of  a  case  which  came  under  his  own  notice,  where  an 
earth  connection,  apparently  good  and  well  situated,  was  found 
useless,  and  measurement  showed  that  its  resistance  to  earth  was 
12,000  «•  I  also  owe  to  him  the  information  that  interference 
due  to  imperfect  earth  was  found  in  1869  at  St.  Pierre  Miquelon, 
the  Morse  signals  on  the  St.  Pierre  Placentia  circuit  affecting  the 
Atlantic  cable  to  Brest,  and  that  special  measures  had  to  be  taken 
to  effect  a  better  earth  connection. 

Greneralising  from  these  fieusts,  it  would  seem  that  there  may 
be  difficulty  in  obtaining  good  earth  at  cable  stations  opened  on 
a  shore  of  primary  or  metamorphic  rock,  and  that  permanent 
interference  beyond  remedy  •  by  earth  connection  is  possible 
between  cables  landed  in  a  basin  of  such  formation ;  so  that  if  this 
statement  receive  .confirmation  at  the  hands  of  the  members  of 
this  Institution,  it  will  be  evident  that  a  due  regard  will  be  given 
to  geological  conditions  by  electrical  engineers  among  the  many 
incidental  considerations  that  determine  their  selection  of  a 
cable's  landing  place. 
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APPENDIX. 

On  the  resistance  between  two  electrodes  of  active  surface  (s  and  «,) 
imbedded  in  the  surface  of  an  indefinitely  extended  homo- 
geneous medium  of  specific  resistance  p  comprised  between 
two  unlimited  parallel  planes  separated  by  a  perpendicular 
distance  d,  the  distance  between  the  electrodes  being  repre- 
sented by  D. 
Let  r  and  r^  be  the  radii   of  the  equivalent  hemispheres 
exposing  surfaces  of  8  and  8^  respectively.    Then,  if  an  infinitely 
thin  perfectly  conducting  hemispherical  shell  of  radius  d  con- 
centrically surrounds  each  of  these  electrodes,  these  shells  will 
touch  the  opposite  bounding  plane  of   the  medium,  and  the 
resistance  between  them  and  their  included  electrodes  will  be 

If  D  be  large  compared  with  d,  these  two  shells  may  be  approxi- 
mately considered  as  two  parallel  cylinders  of  radius  —  traversing 

the  medium  at  right  angles  to  the  bounding  planes,  and  their 
surface  potentials  may  be  written* — 


Vi  =  constant  —  -^-^  log. 


2Trd 


(I 


V,  =  constant  —       ^,  log.«  (  d  L 
where  V]  and  Y,  are  the  potentials  and  c  the  strength  of  current. 

.".  fiesistance  =  —^  log.^  (--7- ) ; 
so  that  the  total  resistance, 

and  since  d  is  large, 

approximately. 


•  Bee  Mascart  and  Joubert's  **  Electricity  and  Magnelism/'  toL  i.,  p.  SKNk 


.^1. — ^>»  y^L  I.,  p.  f 
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The  Chairman  :  No  doubt  there  are  some  submarine  cable  Professor 

AyrtOD* 

engineers  present,  and  I  think  that  perhaps  the  best  thing  to  do 
would  be  for  them  to  favour  us  with  an  account  of  any  similar 
experience  they  may  have  had  to  that  described  in  the  paper,  of 
signals  on  one  cable  being  interfered  with  by  currents  on  another 
cable,  due  possibly  to  imperfect  earth. 

Mr.  W.  P.  Granville  :  There  are  one  or  two  paragraphs  in  this  Mr. 
admirable  paper  which,  I  think,  should  be  carefully  considered. 
Mr.  Kennelly  states  that  "  the  Eye  Beach  shore  end  was  at  first 
"  laid  very  near  to  the  Irish  cable,  and  actually  over  it  at  one  or 
"  two  points.*'  In  that  case  you  would  certainly  expect  induction 
between  the  two  parallel  wires.  He  then  goes  on  to  say  that 
**the  cables  were  subsequently  separated,  although  they  etUl 
*^  necessarily  lie  at  different  points  in  doseproadmity;^'  and  that 
"  this  separation  of  the  cables  was  found  to  have  sensibly  lessened 
**  their  interference."  Now,  as  the  partial  removal  caused  a  con- 
siderable cessation  of  the  disturbance,  is  it  not  probable  that  a 
further  removal  would  practically  eliminate  the  interference  ? 

Certain  experiments  are  also  described  as  having  been  made 
with  the  condensers  removed,  and  it  was  then  found  that  a  feeble 
continuous  current  was  set  up  in  one  cable  circuit  whenever  the 
other  was  charged  by  the  strong  battery  employed ;  this  feeble 
current  being  indicated  by  a  small  permanent  deflection  on  a 
sensitive  galvanometer.  This  also,  according  to  my  experience, 
is  not  an  e:i;ceptional  effect;  in  fact,  I  do  not  believe,  if  two 
*'  earths  "  are  in  proximity,  that  you  can  charge  the  one  without 
affecting  the  other,  however  good  the  "  earths  **  may  be,  especially 
if  no  condenser  is  in  the  receiving  circuit.  It  therefore  appears 
that  the  phenomena  here  noticed  may  be  fully  accounted  for 
without  introducing  the  theory  of  an  insulated  basin. 

It  occurs  to  me  that  the  practical  difficulty  experienced  might 
be  overcome  by  an  additional  coil  to  the  speaking  galvanometer 
of  the  Irish  cable,  preferably  made  so  that  its  position  relative  to 
the  ordinary  coils  could  be  readily  altered,  and  thereby  the 
strength  of  its  effect  upon  the  mirror  magnet  varied  at  will. 
If  this  extra  coil  were  coupled  up  in  the  sending  circuit  of  the. 
Bye  Beaoh  cable,  or  as  a  "  shunt "  thereto,  it  is  clear  that  the 
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Mr.  mirror  would  be  affected  in  one  direction  by  the  disturbance 

OnDTille.  *' 

referred  to  by  Mr.  Kennelly,  and  in  the  other  by  the  current 
circulating  in  the  extra  coil;  and  these  two  effects  could,  I  should 
imagine,  by  careful  adjustment,  be  made  to  cancel  each  other, 
and  a  balance  be  thus  obtained. 

SSMmuL  ^^*  ^'  ^"  I^ONOVAN :   I  desire  to  compliment  Mr.  Kennelly 

on  his  able  investigations  into  a  phenomenon  which  has  been 
a  source  of  trouble  to  more  than  one  station,  to  my  knowledge. 
The  late  Professor  Varley  foresaw  that  geologic  conditions  should 
be  taken  into  account  in  the  working  of  long  submarine  cables. 
Consequently  he  took  the  precaution  to  have  a  special  earth- 
wire  laid  from  the  cable-house  to  some  distance  out  to  sea. 
Conditions  somewhat  similar  to  Hali&x  existed  at  Valentia. 
The  island  is  a  slate  rock.  I  am  under  the  impression  that 
this  precautionary  ^^  earth  "  was  not  used,  as  the  iron  sheathing  of 
the  cables  themselves  afforded  all  that  was  required  when 
working  from  the  cable-house.  When,  however,  the  cables  had 
subsequently  to  be  worked  from  the  o£Bce  at  Knightown,  some 
five  miles  distance  from  the  cable-house,  the  iron  wires  of  the 
subterranean  cables,  which  connected  the  shore  ends  with  the 
office,  were  used  as  the  "  earth ; "  then — owing,  I  suppose,  to  the 
non-conductivity  of  the  island — ^there  were  the  same  conditions, 
in  a  lesser  degree,  which,  judging  from  Mr.  Kennelly's  paper, 
exist  in  Halifax  Harbour,  due,  I  imagine,  to  the  impediment 
to  the  complete  diffusion  of  the  return  currents,  which  were 
conducted  both  by  the  iron  wires  and  the  earth  itself.  A 
complete  ^' earth"  should  be  mass  with  the  lowest  possible 
resistance.  The  iron  wires  of  a  cable  under  conditions  which 
exist  in  Halifax  Harbour  do  not  fulfil  the  conditions  of  a  perfect 
<<  earth,"  hence  the  disturbances  noticed,  and  so  ably  obviated 
by  Mr.  Kennelly. 

Hr.  Pitman.  Mr.  C.  E.  PiTMAN,  CLE. :  The  only  case  of  an  insulated  earth 
I  know  of,  occurred  during  one  of  our  fix)ntier  expeditions.  We 
were  about  to  establish  a  temporary  office  at  the  close  of  the  day, 
and  selected  a  very  damp,  swampy  place  for  the  earth-plate,  but 
to  our  horror  we  got  no  signals  whatever ;  our  line  would  not  work 
in  the  least.     On  examining  the  nature  of  the  ground  in  the 
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Ticinity  of  the  camp,  we  found  that  a  few  hundred  yards  away  up  Mr.  pitnuo. 
the  river  the  bank  was  formed  of  a  shelving  rock,  which,  passing 
under  the  camp,  cropped  out  again  some  distance  off  in  the  oppo- 
nte  direction ;  but  we  soon  got  over  the  difficulty  by  hitching  a 
wire  on  to  the  trees  and  running  it  back  about  half  a  mile.  That 
is  the  only  case  I  have  met  of  a  thoroughly  insulated  basin. 

Mr.  W.  H.  Pbeece  :  In  the  early  days  of  telegraphy  "  bad  Mr.  Pneoe. 
**  earths  "  were  constantly  cropping  up,  and  one  infallible  mode  of 
determining  whether  the  disturbances  were  due  to  bad  earth  or  to 
other  causes  was  very  easy  when  the  double-needle  telegraph 
instrument  was  used.  The  double-needle  instrument  required 
two  wires,  as  per  sketch,  with  virtually  a  galvanometer  on  each, 


JjMULT 


making  earth.  It  was  rare  in  those  days  to  have  an  instrument 
always  free  from  disturbance,  contact,  weather  contact,  or  what- 
ever it  might  be  called :  the  slightest  shower  of  rain  in  any  part 
of  the  circuit  would  invariably  cause  disturbance  from  one  needle 
to  the  other;  the  early  letters  of  the  alphabet — a,  b,  c,  d,  and  so 
on — ^which  were  formed  with  one  needle,  were  repeated  on  the 
other.  Earth  currents  were  also  a  constant  source  of  trouble,  as 
well  as  contacts  from  various  causes,  and  the  way  in  which  we 
were  able  to  at  once  say  what  was  the  nature  of  the  fault  was 
this :  Suppose  a  current  is  sent  upon  one  wire  of  the  double  needle, 
in  one  direction,  it  would  divide  itself,  and  the  result  would 
be  that  the  two  needles  would  be  deflected  in  the  same  direction. 
With  such  a  result  one  knows  for  a  dead  certainty  that  the  fault  is 
due  to  contact  between  the  two  wires.  Suppose  the  disturbance 
caused  the  two  needles  to  deflect  in  opposite  directions,  with  an 
equal  dead  certainty  one  would  know  that  the  fistult  was  a  bad 
^  earth ;  '^  so  that  by  the  direction  of  the  two  deflections  the  nature 
of  the  fault  can  be  easily  distinguished.  The  same  practice  is 
followed  at  the  present  day :  if  any  one  doubts  the  character  oiLip 
hifl  ^  earth,"  he  limply  has  to  put  two  galvanometers  in  circuit  iir 
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Mr.  PfMoe.  the  same  way  as  they  were  used  with  double-needle  instnimexxts, 
and  he  will  quickly  see  whether  the  "  earth  "  is  good  or  bad. 

In  Mr.  Kennelly's  very  exhaustive  and  admirably  worked  out 
paper  there  are  a  lot  of  facts  and  plenty  of  food  for  thought,  but 
there  is  one  point  which  I  have  not  detected  in  the  paper :  he 
does  not  appear  to  have  made  a  parfcicular  test  to  ascertain  for 
certain  that  the  fault  was  a  bad  "earth;**  he  speaks  merely 
throughout  the  paper  of  vibrations.  His  tests  nearly  throughout 
the  whole  paper  are  made  with  reversals ;  and  if  he  had  used 
reversals  only,  then  he  would  have  left  us  in  very  great  doubts  ; 
but  in  the  experiments  about  Nos.  7,  8,  9,  he  has  used  a  constant 
current,  and  though  he  has  given  fsusts  that  lead  us  to  think  the 
cause  to  be  something  of  the  kind  that  he  points  to,  he  has  not 
given  us  sufficient  data  to  make  one  feel  quite  sure  that  he  is 
right  in  his  premises. 

This  question  of  bad  "  earth"  was  very  thoroughly  investigated 
and  written  about  by  Professor  Fleeming  Jenkin,  and  I  am  a 
little  surprised  to  find  that  Mr.  Kennelly  was  not  acquainted 
with  Professor  Fleeming  Jenkin's  work  in  this  matter.  He 
mentions  the  fact  that  he  received  information  from  Professor 
Moses  Farmer  that  the  island  of  St.  Pierre  had  a  bad  "  earth; "  but 
Professor  Fleeming  Jenkin  read  a  capital  paper,  entitled  "An 
** Insulated  Island,"  a  paper  which  is  reprinted  in  the  "Life" 
written  by  Stephenson  (the  second  volume  of  which  contains  a 
synopsis  of  his  works,  collected  and  edited  by  Professor  Ewing), 
and  in  which  the  investigations  of  Mr.  Gott,  the  superintendent 
of  the  French  Atlantic  Company  at  St.  Pierre,  are  given. 
Professor  Fleeming  Jenkin,  in  his  remarks,  leaves  no  doubt 
whatever  that  the  "earth"  was  bad,  and  that  St.  Pierre  is  an 
insulated  island. 

Mr.  Kennelly  has  also  referred  to  Mr.  James  Graves's  paper**- 
Mr.  Graves  is  still  the  superintendent  of  the  Anglo-American 
Telegraph  Company  at  Yalentia — in  which  observations  were 
described  of  a  very  curious  phenomenon  which  was  altogether 
aside  from  the  subject  of  Mr.  Kennelly's  j^aper.  Mr.  J.  Graves's 
observationB  were  not  primarily  on  a  bad  "  earth,"  but  on  curious 

vibrations  that  -were  cAwerved  at  the  earth-plates,  and  he  ahowed 
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that  they  were  due  to  some  defect  in  the  earth-plate;  and  icr.  Pieeoe: 
eventnally— -in  the  discussion,  I  think — it  was  pointed  ont  that 
probably  the  results  that  he  had  observed  were  due  to  electro-  - 
polarisation  of  the  earth-plates :  that  the  earth-plates  wei«  too 
small ;  that  the  current  decomposed  the  water,  gases  were  fbrm^ 
on  the  surGEkse,  the  gases  as  they  moved  away  caused  a  variation 
in  the  resistance  or  potential  of  the  plate,  and  so  produced  vibra- 
tion. There  is  no  doubt  that  the  explanation  was  quite  true, 
because  the  vibrations  entirely  ceased  when  the  earth-plate  was 
enlarged  by  using  the  outside  sheath  of  the  cable.  I  remember, 
too,  a  great  many  years  ago  now,  a  similar  difficulty  being  met 
with  at  Torquay ;  it  was  described  by  Mr.  CuUey  in  this  room. 
When  the  telegraph  was  first  carried  to  Torquay,  there  was  very 
great  difficulty  indeed  in  getting  an  "earth,"  and  "earth"  wa&only 
at  last  obtained  by  carrying  a  bare  wire  to  sea. 

In  my  own  experience  I  can  only  call  to  mind  a  great 
difficulty  beiug  met  with  in  the  chalk  districts  of  Hampshire, 
when  the  railway  from  Basingstoke  to  Salisbury  was  constructed. 
All  through  that  district  there  was  very  great  diffionlty  indised 
in  making  earth — so  great  that  between  two  of  the  statiotiS'fl" 
return  wire  had  to  be  used.  Whether  the  difficulty  continues 
I  do  not  know. 

I  should  like  to  call  attention  to  a  point  not  alluded  t6  by 
Mr.  Kennelly — that  is,  the  use  of  the  telephone  in  detecting  the 
nature  and  character  of  these  vibrations.    The  telephone  -  is  an- 
extremely  delicate  instrument  of  research ;  with  c(»istant  practi^ ' 
its  indications  can  be  mastered  with  very  much  greater  confidence' 
than  the  indications  of  a  galvanometer :  you  can  tell  with  almost' 
abeolnte  certainty  whether  the  indications  are  due  to  electro^^ 
magnetic  induction  or  to  electrostatic  induction.    It  is  wond^— 
fol  how  the  telephone  seems  to  speak  to  you  in  a  coin{>let4 
language,  which  is  only  acquired  by  constant  practice*      Yott 
nay  remember  that  I  brought  beftMre  the  British  Association 
the  tfub]ect,  and. went  into  the  whole  question  of  the  disturb-"' 
anoea   that   are  occasioned   between    parallel    wires — betwe^- 
wins  that  ran  in  contiguity  to  each  other— >overlaad^  undei>T 
gkoan^f  and  at  sea*    I  made  a  great  number  of  experiinentfr  in 
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Mr.  Pmoe.  this  direction.  Some  very  accurate  and  very  reliable  experiments 
were  made  for  me  by  Mr.  Gravey  in  the  neighbourhood  of  Cardiff, 
on  the  sands  of  Porthcawl,  on  the  South  Wales  coast.  There, 
as  you  know,  the  tide  rises  and  falls  enormously :  the  rise  and 
fall  in  spring  tides  is  something  like  40  feet.  I  was  very  anxious 
to  find  out  whether  the  water  acted  as  a  screen — whether  it 
prevented  the  influence  of  one  wire  from  affecting  another  wire 
in  its  neighbourhood — and  the  result  of  those  experiments  was 
to  show  that  the  water  offered  no  obstruction  whatever  to  the 
disturbance  between  one  wire  and  another.  If  two  wires  were 
carried  within,  say,  20  feet  of  each  other,  in  air  or  water,  in  the 
earth  or  under  the  earth,  the  effect  was  precisely  the  same. 
Experiments  were  also  carried  out  by  me  in  the  Creneral  Post 
Office.  Wires  were  arranged  around  the  corridors  of  the  different 
floors ;  the  circuit  was  something  like  400  feet  long.  There  are 
four  floors,  and  the  currents  sent  on  the  top  floor  were  clearly 
indicated  in  the  circuits  on  every  other  floor ;  in  &cty  between 
the  top  floor,  where  the  experiment  was  made,  and  the  lower 
floor— a  distance  of  60  or  70  feet — ^we  found  that,  in  an  electrical 
sense,  ^'  stone  walls  do  not  a  prison  make." 

There  are  no  known  present  means  of  preventing  the  pro- 
duction of  these  electro-magnetic  and  electrostatic  disturbances 
through  space.  They  are  evidently,  as  we  now  know  from  the 
investigations  of  Hertz,  conveyed  through  the  ether ;  and  whether 
the  space  be  occupied  by  stone  walls,  whether  it  be  the  air,  whether 
it  be  water,  or  whether  it  be  the  crust  of  the  earth,  the  interposi- 
tion of  these  elements  does  not  affect  the  question  at  all.  At 
Porthcumow,  on  the  Cornish  coast,  where  the  Eastern  Telegraph 
Company  have  their  landing  place  for  cables  to  Lisbon, — ^where  the 
cable  to  the  SciUy  Islands,  the  cable  to  Brest,  and  several  other* 
cables  land  or  start  from, — ^they  are  all  within  a  short  distance  of 
each  other.  There  Mr.  Ash,  the  superintendent  of  the  Eastern 
Company,  found  that  currents  sent  on  one  wire  were  dearly  and 
distinctly  traceable  on  all  the  contiguous  wires.  He  sent  tele- 
phone currents  on  the  Lisbon  wire,  and  indications  of  them  were 
distinctly  heard  on  the  Brest  wire ;  so  that  there  was  absolute 
evidence  in  the  character  of  the  signals  that  the  electro-magnetic 
disturbance  passed  through  the  body  of  the  water. 
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I  do  not  feel  that  Mr.  Kennelly's  paper  is  perfectly  exhaustive,  Mr.  Precoe. 
or  that  he  has  sufficiently  investigated  the  electro-magnetic 
disturbance  between  one  wire  and  another ;  for  I  think  that  if  he 
had  used  telephones  he  might  have  added  considerably  to  the 
value  of  his  paper,  and  the  result  might  have  been  negatived, 
though  I  will  not  say  that  it  would  have  been  so.  He  has, 
however,  done  all  that  one  man  can  do  to  prove  his  point ;  but 
it  is  a  very  curious  thing  that  when  you  have  a  point  to 
prove,  when  you  find  an  experiment  to  confirm  your  view  of  that 
point,  you  often,  by  sheer  neglect,  omit  some  very  trifling  thing 
that  will  entirely  upset  your  notions :  that  happens  over  and  over 
again.  I  ought  to  mention  that  there  is  a  remarkable  case  of 
the  propulsion,  as  it  were,  through  water  of  an  electric  disturbance 
— ^I  will  not  call  it  electro-magnetic,  I  believe  it  is  electrostatic 
disturbance — that  is,  the  existence  of  thunderstorms  in  mid- 
Atlantic.  It  is  a  common  and  frequent  thing  at  the  end  of 
Atlantic  cables  to  see  sudden,  sharp,  decisive  currents  knock  the 
minor  about  or  move  the  style  of  the  recorder,  imd  these  things 
are  known  as  "  kicks."  It  is  well  known  that  they  always  occur 
when  lightning  is  present.  It  very  frequently  happens  that  there 
may  be  a  lightning  storm  a  thousand  miles  away  from  land,  and 
yet  the  disturbances  produced  by  the  lightning  discharges  pass 
through  the  2,000  fathoms  of  water  and  there  induce  in  the  cable 
at  the  bottom  of  the  sea  the  disturbances  that  produce  the  kicks 
at  the  landing  place  at  each  end.  They  are  very  interesting 
&cts,  and  I  think  that,  bearing  the  fact  in  mind  that  electro- 
magnetic and  electrostatic  disturbances  can  proceed  through 
water  as  easily  as  they  can  through  air,  the  efiFects  that  Mr. 
Kennelly  has  observed  would  be  clearer  if  he  had  looked  at 
them  from  this  point  of  view  more  than  from  the  resistance 
point  of  view. 

Mr.  A.  J.  S.  Adams  :    The  mass  of  formulse  and  figures  given  Mr.  Adams. 
in  Mr.  Kennelly's  paper  appear,  to  my  mind,  to  be  based  upon 
practically  nothing,  and  the  consideration  of  them  to  have  been 
« waste  of  time.    I  defy  anyone  to  say,  from  the  experiments 
mentioned   in  the  paper,  what  the   disturbances    really  were,   j 
w  what  it  is  intended  that  we  are  to  consider  them*    There  are3 
VOL.  xvin.  11  
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ur.A<^n8-^^^^^^l  possible  causes  of  interruption  —  induction,  leakage, 
derived  currents  from  "  bad  earth,"  and  vibrations.  If  we  have  a. 
disturbance  due  to  leakage,  then  there  will  be  a  more  or  less 
permanent  effect  so  long  as  the  key  is  depressed ;  whilst^  if  the 
disturbance  be  due  to  induction,  the  effects  will  be  momentary. 
Surely  it  could  have  been  possible  to  throw  a  little  more  light 
upon  the  point. 

It  happens  that  the  vibration  disturbances  referred  to^  and. 
which  formed  the  subject  of  an  interesting  paper  by  Mr.  James 
Graves  in  1875,  are  no  strangers  to  me,  although,  unfortunately, 
my  own  opinion  as  to  probable  causation  differs  from  that  of 
Mr.  Preece,  inasmuch  as  I  am  of  opinion  that  these  peculiar 
vibrations  are  not  due  to  electrolytic  nor  to  any  electro-chemic 
action  at  the  earth-plate.* 

So  far  as  time  may  permit,  I  should  like  to  relate  some  of  the 
experiments  made  by  myself  in  connection  with  the  subject,  and 
which  tend  to  show  that  the  ^brations  are  not  necessarily  due  to 
so-called  bad  earth  at  the  plate,  nor  to  mere  electrolytic  action. 

At  each  extremity  of  my  garden — ^north  and  south — ^an  "  earth  '* 
was  put  in,  as  also  right  and  left  of  my  house  to  distances  of 
250  and  500  yards  respectively.  Each  "  earth  "  was  led  into  my 
house  by  means  of  No.  16  copper  wire,  without  joint,  thoroughly 
insulated,  and  brought  directly  on  to  the  ebonite  base  of  the 
reflecting  galvanometer.  I  had  thus  a  means  for  securing  six 
different  pairs  of  "  earths." 

Each  ^'  earth  "  was  formed  by  bunching  together  and  soldering^ 
one  end  of  twenty  2-foot  lengths  of  clean  No.  16  copper  wire,  the 
line  wire  being  included. 

The  holes  were  about  5  feet  deep,  and  in  each  case  the  earth- 
wires  were  spread  out  from  the  common  soldered  centre.  As  the 
earth  was  filled  in  it  was  thoroughly  punned. 

Now  in  the  case  of  each  pair  of  "  earths  "  these  unmistakable 
disturbances  were  always  visible,  the  jerky  movement  of  the 
"spot"  being  altogether  unlike  the  steady  variation  of  an 
ordinary  earth  current.  ^ ., 

•  The  disturbance  of  a  current,  not  the  current  itself^k  here  refened  to. 
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Two    other    "  earths "   were    also  put    in,  the  one   5   feet  Mr.  Adanu. 
immediately  below  the  other.     Here  also,  in  a  minor  degree, 
vibrations  presented  themselves,  although  the  flooding  of  the 
locality  with  water  had  little  influence  upon  the  result. 

In  continuation  of  these  experiments,  a  box  18  inches  square 
was  parted  off  into  two  compartments,  space  being  provided 
at  the  bottom  of  the  partition  for  proper  connection  between  the 
two.  Two  copper  plates  were  inserted,  one  in  each  compartment, 
and  the  whole  filled  in  with  sandy  earth.  By  means  of  an  india- 
rubber  tube  attached  to  the  house  tap,  water  was  caused  to 
dribble  down  the  front  of  one  plate  and  drain  off  under  the 
other.  Of  course  the  usual  electrolytic  current  was  the  result ; 
and  surely,  if  vibrcUions  are  the  result  of  such  action  at  the 
earth-plates,  they  ought  to  have  appeared  in  this  instance,  but 
there  was  no  sign  of  them.  It  was  evident  from  this  and  from 
similar  experiments  that  vibraMons  are  not  due  to  electro- 
chemic  action  at  the  earth-plate.* 

It  was  a  noteworthy  feature  of  Mr.  Graves's  results  that 
directly  he  made  earth  connection  by  means  of  the  main  cable- 
sheathing  the  vibrations  ceased :  the  "  earth  "  had  been  cut  out, 
and  practically  a  "return"  substituted.  And  so,  I  take  it, 
directly  a  foot  even  of  the  earth's  surface  is  introduced  into  any 
circuit,  so  surely  also  will  these  vibrations  present  themselves. 

In  the  paper  read  this  evening  it  would  seem  that  this  vibra- 
tion effect  has  been  so  mixed  up  with  some,  or  all,  of  the  other 
disturbances  mentioned,  as  to  render  a  serious  consideration  of  the 
figures  and  formulse  given  a  waste  of  time,  and  it  is  to  be 
regretted  that  the  particular  kind  of  disturbance  witnessed  in 
each  experiment  at  Hali&x  was  not  stated  clearly  by  the  author 
of  this  int-eresting  and  important  paper. 

Mr.  D.  C.  Bate  :  It  may  be  interesting  to  state  that  on  one  Mr.  Bate 
'  occasion,  when  I  was  connected  with  the  short-lived  Central  News 

*  VibnUions  are  not  observed  in  the  case  of  ordinary  electrolysis — the 
resoltant  current  of  which  is  steady  in  its  effects— unless  mechanically  dis. 
tori  d,  as  by  a  shake  or  jar.  There  is  the  possibility  of  a  mechanical  move- 
ment in  the  earth's  crust  as  a  cause  for  vibration ;  and  although  seemingly 
not  calculated — ^if  existing — to  produce  the  necessary  disturbance  of  earth- 
plate  relationship,  the  point  is  worthy  of  being  Ibllowed  up  in  that  direction. 
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r.  Bate.  Telegraph  Company,  we  worked  an  overhead  "and  underground 
wire,  parallel  with  the  Post  OflSce  wires,  from  Fleet  Street  to  the 
Manchester  Guardian  office.  The  latter  office,  if  I  remember 
rightly,  had  an  A  B  C  instrument,  and  at  night  a  news  wire  to 
Manchester.  Our  own  wire  was  worked  with  about  200  volts 
through  3,000  ohms,  and  therefore  had  a  pretty  considerable 
current  on.  It  used  to  work  perfectly  well  at  the  opening,  but  as 
the  evening  wore  on  we  used  to  upset  the  news  wire  relays  both 
at  Newcastle  Street  and  at  Manchester.  Does  not  this,  therefore, 
point  a  little  to  Mr.  J.  Graves  being  correct  in  sajring  that  such 
faults  may  be  due  to  the  polarisation  of  the  earth-plate,  con* 
sidering  that  we  were  using  such  a  large  current?  Another 
explanation,  possibly,  is  that  we  were  connected  to  the  house 
side  of  the  water  service  (it  is  true  there  were  several  moderately 
good  "  earths  "  on,  because  a  large  number  of  water  taps  were 
supplied),  and  when  the  cistern  was  full  of  water  we  worked 
through  almost  without  trouble ;  but  if  the  cistern  became  empty, 
then  the  increased  resistance  of  the  earth,  as  might  be  expected, 
increased  the  difficulties,  although  still  good  enough  for  the  small 
news  current  alone.  The  circumstance  will  probably  be  remem- 
bered by  Mr.  Preece,  as  I  think  we  had  considerable  trouble  to 
find  out  where  the  disturbance  came  from,  and  it  was  finally- 
traced  to  the  Central  News  as  being  the  culprits. 

'.  Swan.  Mr.  Howard  Swan  :  It  might  be  interesting  to  mention,  in 

connection  with  the  remarks  that  have  just  been  made,  a  case 
that  was  reported  a  few  months  ago  from  Bridgewater,  Nova 
Scotia,  in  which  a  telephone  line  was  run  in  the  gold-mining 
district.  It  was  found  that  a  constant  current  was  flowing  in  the 
wire — not  very  strong,  but  sufficient  sometimes  to  overpower  the 
exchange  battery — and  it  was  difficult  to  find  out  wherein  the 
cause  consisted.  The  electrician  who  investigated  the  case 
seemed  to  believe  that  there  was  what  he  considered  a  vast 
natural  battery,  consisting  of  the  gold  mine  as  one  pole,  and  the 
large  deposits  of  iron  or  gold,  or  other  metals,  as  the  other  jwle. 
Of  course,  if  this  were  so,  it  would  be  a  battery  on  closed  circuit, 
and  most  of  the  current  would  go  through  the  earth,  and  part 
h        only  of  the  current  through  the  wire.     From  some  reason  or  other 
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a  current  did  go  through  the  telephone  wire,  and  there  is,  it  is  Mr.  swan. 
said,  to  this  day  a  small  constant  current  flowing  through  the 
wire  without  any  battery  except  a  natural  one.    That  point  is,  I 
think,  of  interest  in  this  discussion. 

Mr.  D.  C.  Bate  :  Might  I  ask  M.  Despointes,  who  I  see  is  Mr.  Bate, 
here,  whether  I  am  correct  in  my  memory  that  when  the  Rev. 
Mr.  Highton's  gold-leaf  receiver  was  placed  on  a  faulty  dead- 
earthed  Dover-Calais  cable,  they  got  signals  which  were  being 
sent  over  one  of  the  North  Sea  cables  ? 

M.  Despoin'TES  :  I  cannot  say.    I  do  not  remember  the  matter ;  m. 

•^  Despointes. 

and,  if  tried,  the  experiment  would  be  at  Dover  perhaps,  while  my 
duties  have  been  in  Ix»ndon  only. 

Mr.  C.  T.  Fleetwood  :  I  remember  makins:  the  "  earth  "  for  the  Mr. 
London  Central  Station  telegraph  circuits,  and  I  have  always 
felt  that  it  was  an  excellent  one,  because  it  has  never  been  com- 
plained of  since  the  time  that  it  was  made  in  1874.  That "  earth  " 
is  made  by  a  connection  with  the  pneumatic  tube  system,  which 
runs  for  some  thirty-five  miles  under  the  London  streets.  I 
hoped  that  we  should  have  heard  more  from  Mr.  Preece  this 
evening,  for  I  have  heard  of  induction  between  overhead  and 
underground  wires,  and  in  the  paper  referred  to  by  Mr.  Preece 
mention  is  made  of  induction  being  heard  in  wires  half  a  mile 
apart.  Surely,  if  this  is  so,  it  would  be  well  for  Mr.  Kennelly  to 
use  a  telephone  and  further  investigate  the  case  that  he  has  in 
hand. 

Mr.  W.  H.  Preece  :  I  should  like  just  to  mention  some  Mr.  Preece 
experiments  that  I  made  in  order  to  detect  the  presence,  if  any, 
of  disturbance  between  two  cables  separated  from  each  other  by  a 
distance  of  twenty-five  miles.  One  cable  was  the  old  cable  con- 
necting Dublin  and  Holyhead ;  the  other  was  a  new  cable  laid 
only  two  or  three  years  ago  between  Nevin,  in  North  Wales,  and 
Newcastle,  near  Wicklow.  Those  two  cables  lie  parallel  to  each 
other  at  a  distance  of  twenty-five  miles  apart ;  they  are  each  about 
sixty  miles  long.  I  had  very  powerful  currents  sent  on  the 
Dublin-Holy  head  cable,  and  listened  for  the  signals  on  the  other 
cable.  In  telephonic  experiments  I  never  trust  to  my  own  judg- 
ment, and  I  do  not  think  anybody  should  ever  rely  on  his  own 
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Mr.  Preece.  judgment  with  telephones — it  should  always  be  confirmed  by 
somebody  else.  It  is  perfectly  absurd  how  your  imagination 
leads  you  adrift  with  telephones,  and  therefore,  unless  observa- 
tions are  confirmed  by  those  who  are  with  me,  I  do  not  make  use 
of  them.  In  this  particular  instance  I  am  bound  to  say  that  I 
knew  what  I  was  going  to  hear,  and  I  am  equally  bound  to  say 
that  I  heard  what  I  expected  to  hear,  -but  nobody  elae  did, 
although  there  were  three  accomplished  engineers  and  electricians 
assisting  in  the  experiment ;  but  they  did  not  quite  know  what 
they  were  to  listen  for.  My  imagination  may  have  put  me  wrong 
in  this  case ;  but  I  have  not  the  slightest  doubt  that  the  effect 
could  be  heard,  and  that  signals  sent  on  one  cable  could  be  heard 
on  another  cable  separated  from  it  by  water  at  a  distance  of 
twenty-five  miles.  It  depends  on  the  magnitude  of  the  primary 
currents. 

Mr^^j^  Mr.  C.  W.  S.  Crawley:   I  had  some  experience  of  earth* 

current  disturbances  when  investigating  with  my  friend  Mr. 
Hawes  the  currents  due  to  passing  trains.  In  conjunction  with 
these  we  had  frequent  occasion  to  observe  the  currents  between 
two  zinc  earth-plates  some  200  yards  apart,  as  well  as  those 
between  these  plates  and  the  rails.  These  currents  were  in  a 
constant  state  of  variation.  Not  only,  as  shown  by  the  galvan- 
ometer, did  they  vary  in  waves  of  considerable  amplitude— say 
one  to  two  minutes  between  the  crests — but  there  was  also  a 
constant  bubbling  when  a  telephone  was  substituted,  showing 
continuous  quicker  vibrations  to  be  present.  These  we  could 
hardly  put  down  to  conduction  or  induction  from  neighbouring 
telegraph  wires,  as  the  bubbling  was  equally  noticeable  at  2  and 
3  a.m.,  and  all  Sunday,  when  few  or  no  messages  would  be  about. 
The  telephone  would  always  bubble  if  set  fine  enough,  even 
between  "  earths  "  a  few  feet  apart. 

Mr.  Mr.  W.  P.  Granville  :  With  regard  to  Mr.  Preece's  remarks 

upon  the  sensitiveness  and  suitability  of  the  telephone  for 
researches  of  this  kind,  I  have  had  the  opportunity  of  listening 
to  a  telephone  joined  in  circuit  with  two  earth-plates  submerged 
in  the  Thames  about  100  fathoms  apart.  On  putting  the  tele- 
phone to  my  ear,  it  became  apparent  that  the  river  was  perfectly 
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teeniing  with  Morse  alphabets,  and  at  all  times  of  the  day  the  Mr. 
rapid  clicks  of  Morse  instraments  could  be  heard.      I  am  not 
a  rapid  reader  by  sound,  but  I  could  now  and  then  manage  to 
interpret  a  word,  or  even  part  of  a  sentence. 

The  Chairman  :  The  first  duty,  in  closing  this  interesting  Profeasor 
discussion,  is  to  propose  a  hearty  vote  of  thanks  to  Mr.  Kennelly 
for  the  paper  that  he  has  been  so  good  as  to  send  us  from 
America.  As  some  of  the  speakers  have  pointed  out,  there  seems 
to  be  some  little  doubt — ^possibly  some  would  say  much  doubt — 
as  to  the  cause  of  the  effects  which  Mr.  Kennelly  has  observed. 
The  importance  of  taking  an  earth-wire  out  to  sea  has  been 
urged  by  some  of  the  speakers,  but  it  must  be  remembered  that 
when  we  use  the  sheathing  of  a  cable  as  our  eieuiih  we  do  really 
take  an  earth-wire  out  to  sea ;  so  that  I  hardly  see  how  such  an 
earth-wire  could  improve  matters,  especially  as  the  cable  which 
was  taken  out  to  sea  did  so  little  to  improve  matters  that  Mr. 
Kennelly  came  to  the  conclusion  that  the  whole  basin  is  in- 
sulated. Some  of  his  experiments,  however,  do  not  seem  to  be 
-consistent  with,  and  are  not  explained  by,  that  hypothesis.  Take, 
for  instance,  Experiment  No.  9.  He  says  :  "  The  last  two 
^*  experiments  were  repeated  with  the  condenser  removed  and 
*'  the  mirror  in  direct  circuit  between  cable  and  sheathing.  The 
"  continual  vibration  of  the  spot  made  observation  difficult ;  but 
^*  during  periods  of  comparative  quiescence  it  was  soon  deter- 
*^  mined  that  the  disturbance  produced  by  depressing  one  of  the 
^  keys  was  not  of  a  momentary  nature  only,  but  consisted  of  a 
*^  small  deflection,  permanent  during  the  whole  period  of  key 
^^application."  I  cannot  see  how  that  experiment  can  be  ex- 
plained by  any  want  of  goodness  of  the  earth ;  how  it  is  possible 
in  Figs.  7  and  8  to  get  a  steady  curi'ent  on  the  other  cable  which 
is  not  connected  with  the  battery.  He  says  you  do,  but  I  do  not 
see  how  the  absence  of  good  earth  would  explain  that.  Take  the 
case,  again,  of  Experiment  No.  7,  where  the  mirror  galvanometer 
is  connected  with  the  copper  conductor  which  goes  to  Ireland. 
At  the  other  end  of  that  circuit,  he  mentions  somewhere  else  in 
the  paper,  there  is  a  condenser;  so  that  in  fact  the  copper 
conductor  going  to  Ireland  is  well  insulated,  or  assumed  to  her 
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PjJ^t  well  insulated.  How,  then,  a  steady  current  can  be  prod 
through  that  conductor,  assuming  that  the  cable  is  well  iosuli 
by  a  defect  of  the  earth  at  Nova  Scotia,  I  do  not  at  aU 
Some  of  the  experiments  do  seem  more  or  less  consistent*! 
bad  earth,  but  these  others  are  not ;  so,  if  I  am  supposed  id 
way,  as  Chairman,  to  give  a  verdict  on  the  discussion,  I  cant 
say  that  my  judgment  will  have  to  be  reserved  until  ful 
evidence  is  brought  forward.  Really  my  own  mind  is  undeol 
I  would  not  go  as  far  as  some  speakers  appear  to  have  got 
concluding  that  Mr.  KenneUy  is  certainly  wrong ;  at  the  i 
time  I  would  not  go  as  far  as  Mr.  KenneUy  has  gone  in  assun 
that  he  is  perfectly  right.  I  will  therefore  leave  the  mattei 
in  the  case  of  a  Scotch  verdict,  in  a  state  of  "  not  proven." 


^ 


A  ballot  took  place,  at  which  the  following  were  elected : 

Foreign  Members : 
Colonel  Huber.  |      A.  Paoletti. 

Meinbers : 
Emile  Garcke.  |      Willoughby  Statham  Smi 

Associates: 

Frederick    Arthur    Pock 


Samuel  Wells  Cuttriss. 

Lawrence  H.  S.  EUson. 

Charles  E.  Hodgkin. 

Arthur  .Hough. 

Robert  Edward  Pemberton 
Pigott. 

Alfred  Mills  Taylor. 

Students : 
George  William  JBousfield.       |      Edwin  S.  Jacob. 
John  Leonard  Thomson. 


lington. 

Robert  Hodgshon  Postle 
thwaite. 

George  Edward  Pritchett^ 

William  Stevenson. 
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The  One  Hundred  and  Eighty-seventh  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  on  Thursday  evening,  February  28th,  1889 — 
Dr.  J.  HoPKiNSON,  F.E.S.,  Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  21st  were  read  and  confirmed. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council: — 

From  the  class  of  Students  to  the  class  of  Associates — 
William  Peto.  |  Frank  Taylor. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  S.  S.  Wheeler,  Esq.,  the 
Proprietors  of  The  Electriciariy  and  E.  Hospitaller,  Foreign 
Member,  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  following  paper  was  then  read : — 

SOME  ELECTRIC  LIGHTING  CENTRAL  STATIONS  IN 
EUROPE,  AND  THEIR  LESSONS. 

By  Professor  Geobge  Forbes,  F.R.SS.  (L.  &  E.),  Member. 

PaH  I. 

Before  commencing  the  subject  of  this  paper,  I  think  it  may 
be  well  if  I  give  you  some  idea  of  the  reasons  why  I  have  brought 
the  subject  to  your  notice.  You  are  aware  that  great  strides  are 
about  to  be  made  at  the  present  time  in  electric  lighting  in  this 
country,  specially  by  means  of  the  Gaulard  &  Gibbs  system  with 
the  converters  put  in  parallel.  To  complete  the  practical  details 
of  such  a  system  involves  a  large  amount  of  experiment,  andr 
whether  low-pressure  or  high-pressure  work  is  in  question,  I  have 
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frequently  maintained  that  a  great  deal  of  experience  has  still  to 
be  bought  and  time  to  be  wasted.  It  has  appeared  to  me  that 
we  can  only  hope  to  ensure  the  best  success  of  electric  lighting 
schemes  now  in  hand  if  we  bury  our  pride  a  little,  and  try  to  obtain 
the  experience  of  foreign  countries  without  paying  for  it  or  wasting 
time  over  it,  as  they  have  doile.  Some  irresponsible  persons  hare 
considered  that  I  am  much  to  blame  for  thus  advocating  the  dis- 
cussion, and  consequent  approval  or  disapproval,  of  systems  which 
have  been  developed  in  foreign  countries.  I  do  not  say  that  we 
are  not  even  now  capable  of  doing  much  better  work  than  these 
countries,  as  we  have  done  with  steam,  and  I  am  certain  that  we 
shall  do  so  in  the  course  of  time ;  but  I  do  say  that  we  are  wanting 
in  the  experience,  and  I  see  all  over  the  country  work  being  done 
where  the  rules  of  experience  have  often  been  set  at  defiance ;  and 
my  object  in  introducing  this  subject  is  chiefly  for  the  second 
part  of  the  title  of  th0  paper,  namely,  a  discussion  of  the  lessons 
which  can  be  derived  from  a  study  of  the  work  which  has  been 
done  abroad.  The  object  of  this  paper,  then,  is  to  raise  a  discus- 
sion on  the  details  of  central  station  lighting  and  electrical 
distribution,  and  to  enter  a  protest  against  defective  systems, 
which,  without  some  such  discussion,  I  feel  sure  will  be  as  plen- 
tiful in  the  near  future  with  us  as  they  have  been  up  to  the 
present  time. 

Of  course  I  am  aware  that  many  of  my  hearers  have  appre- 
ciated these  points,  and  have,  like  me,  tried  to  learn  from  those 
who  have  had  most  experience ;  and  I  know  that  they  will  pardon 
me  for  drawing  attention  to  work  that  they  have  already  ex- 
amined, since  they  know  as  well  as  I  do  the  need  we  have  for 
such  discussion. 

I  believe  that  my  object  can  be  best  attained  by  proceeding, 
first,  to  describe  the  principal  central  stations  in  Europe  which  I 
have  lately  visited,  pointing  out  specially  the  features  in  which 
they  differ  from  the  practice  in  this  country  so  far  as  hitherto 
developed;  and  then  to  discuss  the  details,  with  a  view  of  deriving 
the  most  profitable  lessons  from  them  as  to  what  to  adopt  and 
what  to  avoid.  I  will  deal  only  with  what  I  believe  to  be  the 
three  most  important  central  stations  in  Europe,  namely,  Berlin, 
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Rome,  and  Milan.  I  have  already  partially  dealt  with  America 
elsewhere.* 

Berlin  is  supplied  on  the  low-tension  direct-current  system,  as 
originally  developed  by  Edison,  except  the  street  arc  lights,  which 
are  on  a  high-pressure  direct-current  circuit. 

Some  is  supplied  altogether,  both  for  area  and  incandescent, 
on  the  Gaulard  &  Gribbs  system,  with  converters  arranged  in 
paralleL 

Milan  is  worked  by  Thomson-Houston  apparatus  for  arcs,  and 
by  both  low-pressure  corrents  and  high-pressnre  alternating 
currants  for  incandescent  lamps. 

At  all  the  European  stations  which  I  have  visited  I  received 
the  same  cordial  welcome  which  I  have  always  had  in  America, 
and  the  same  desire  that  I  should  thoroughly  inspect  every  port 
of  the  works.  The  stations  have  literally  been  placed  at  my 
disposal  to  watch  the  action  of  the  machinery  and  to  see  what 
attention  is  required  for  its  managements  I  have  been  allowed 
to  interchange  dynamos  at  will,  and  generally  to  learn  all  that 
was  possible.  I  must  especially  record  my  thanks  to  Signer 
Pouehain,  Professor  Mengarini,  Signer  Trenza,  Professor  Colombo, 
Mr.  Ideb,  Herr  Bathenau,  and  Herr  Datterer  for  the  willingness 
with  which  they  imparted  to  me  so  much  information  in  the 
details  of  their  working,  and  to  Mr.  Zipemowski  and  Messrs. 
Cranz  &  Co.  for  much  valuable  information. 

Berlin. 

The  Berlin  mains  are  at  present,  I  believe,  supplying  a 
larger  number  of  lights  than  any  other  connected  system  of 
mains  in  Europe.  They  supply  36,000  lamps  of  16  candle-power, 
or  the  equivalent  current,  and  144  arc  lamps  of  15  amperes.  The 
conductors  are  all  laid  underground.  A  map  is  shown  (Plate  1^ 
Fig.  1)  giving  the  position  of  mains  already  laid  down  and  those 
in  process  of  construction.  There  are  three  central  stations  at 
work,  and  two  more  of  improved  type  are  in  process  of  construe^ 
tion.     The  existing  stations  are — 

^ digitized  by  Google 
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1.  Markgrafen  Strasse. 

2.  Mauer  Strasse. 

3.  Friedrich  Strasse. 
Those  about  to  be  added  are — 

4.  Spandaner  Strasse. 

5.  SchifiFbauer  Damm. 

The  first  is  the  most  important ;  the  third  is  quite  un- 
important. Here  the  boilers  are  by  Steinmiller,  and  anthracite 
coal  is  used  to  prevent  nuisance  from  smoke.  The  foundations 
are  of  concrete  in  iron  boxes  built  up  with  brickwork  and  cement. 
There  are  six  engines  of  160  horse-power  each,  each  driving  old- 
fashioned  Edison  six-legged  dynamos.  There  are  also  four 
engines  of  400  horse-power  each,  each  driving  a  new  type  of 
dynamo  direct  at  80  revolutions  per  minute.  These  are  com- 
pound tandem  Corliss  condensing  engines  by  Van  den  Kirchove, 
of  Grhent,  who  is  one  of  the  few  foreign  makers  of  engines  who 
can  compete  with  this  country.  The  attached  dynamos  are  by 
Siemens  &  Halske.  The  Electric  Company  of  Berlin  are  also 
making  a  machine  somewhat  similar.  A  diagram  (Fig.  1)  is 
shown  of  this  dynamo  and  of  the  engine  combined,  the  height  of 
which  is  23  feet.  These  continuous-current  dynamos  have  never 
been  built  in  this  country,  and  are  worthy  of  some  notice.  They 
may  be  described  as  multipolar  Gramme  machines,  the  poles 
being  radial,  and  the  ring  armature  external  to  the  poles.  A 
photograph  of  the  four  engines  and  dynamos  is  shown  (Plate  2, 
Fig.  1). 

There  are  ten  poles  on  each  machine.  The  armature  is  3 
metres  in  diameter ;  the  commutator  is  1^  metres  in  diameter. 
There  are  ten  brush-holders.  Each  pair  of  poles,  and  the  corre- 
sponding part  of  the  armature,  with  the  corresponding  pair  of 
brush-holders,  constitute  a  section  which  is  virtually  one  machine. 
All  these  sections  are  joined  in  parallel.  The  field  magnets  are 
not  seen  in  the  drawing,  being  inside  the  armature.  Two  handles 
are  provided,  one  of  which  adjusts  all  the  brushes  at  the  same 
time ;  the  other  puts  them  on  all  together.  Each  brush-holder 
carries  four  brushes.  Another  drawing  is  shown  of  a  similar 
dynamo  being  made  by  the  Berliner  Elektricitats-Werke,  in  which 


>.] 


IN  EUKOPE,  AND  THEIR  LESSONS. 


165 


the  radial  poles  are  external  to  the  armature.      I  believe  that 
this  type  of  multipolar  machine  is  a  good  design  where  the  object 


is  to  get  a  large  output  with  a  slow  speed.     I  hold  working  glc 
drawings  in  my  hand  of  a  similar  design  prepared  by  myself  in 
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1881,  but  it  was  never  executed^  The  Dumber  of  bars  of  the 
commutator  and  the  number  of  parts  generally  make  it  expensive 
to  construct. 

At  this  station  the  boilers  are  fed  automatically  by  means  of 
a  hydraulic  accumulator.  The  water  for  condensing  is  drawn, 
from  fifteen  artesian  wells  which  have  been  sunk  for  this  purpose. 
Steam  is  used  at  a  pressure  of  115  lbs.,  and  it  is  claimed  that 
15*5  lbs,  of  steam  only  are  required  per  electrical  horse-power. 
This  is  probably  the  most  economical  production  of  electricity  for 
central  station  work  in  the  world,  and  the  engines  and  dynamos, 
though  expensive,  must  certainly  have  a  very  low  depreciation. 
The  maximum  work  which  this  station  can  do  is  to  generate  a 
current  for  26,000  lamps  of  16  candle-power.  It  is  found  that 
the  maximum  number  of  lamps  in  use  at  any  one  time  is  about 
66  per  cent,  of  the  total  number  of  lamps. 

The  thing  which  strikes  one  most  in  this  station  is  the 
enormous  mass  of  copper.  Tlie  conductors  inside  this  station 
consist  of  eight  strips  of  copper,  6  inches  wide  and  ^rd  of  an  inch 
thick.  These  are  led  into  the  room  for  cable  terminals.  These 
strips,  before  entering  this  room,  are  interrupted  by  a  gap,  and  a 
junction  is  made  by  pinching  seven  similar  strips,  about  18 
inches  long,  between  the  strips  and  the  interrupted  ends,  the 
seven  strips  being  placed  between.  Thus,  in  case  of  any  serious 
accident,  the  whole  of  the  mains  can,  by  one  turn  of  a  screw,  be 
disconnected  from  the  dynamos,  the  interlapping  pieces  all 
dropping  out.  The  only  exception  is  in  the  case  of  theatres, 
where,  to  prevent  panic,  a  separate  connection  is  made  with  the 
dynamos.  In  the  cable  terminal  room  the  positive  and  negative 
mains  run  horizontally,  and  vertical  rods  come  down  to  the 
different  cables.  There  are  eighty-four  of  these  cables,  forming 
forty-two  pairs  of  feeders  supplying  the  network  of  mains  with 
current  on  the  two-wire  system.  These  cables  are  generally  of 
large  size,  being  frequently  3  inches  in  diameter  complete. 
They  consist  of  stranded  cables  covered  with  jute  prepared  with 
bituminous  compound,  enclosed  in  lead,  then  covered  with  tape 
and  preservative  compound,  and  finally  armour-plated  with  two  - 
ciHMsed  spirals  of  iron  ribbon.    The  system  of  feedeFE^  and- mains  - 
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is  one  of  the  features  to  which  I  wish  to  direct  the  special 
attention  of  English  engineers,  since  the  principle  has-  been 
adopted  of  trying  to  produce  as  small  a  variation  of  pressure  in 
the  mains  as  possible.  This  is  accomplished  by  having  a  large 
number  of  feeders.  The  cost  of  the  underground  cables  has 
hitherto  amounted  to  about  £90,000,  half  of  this  being  spent  in 
mains  and  half  in  feeders.  The  greatest  variation  of  pressure 
allowed  in  the  mains  is  1^  per  cent.  The  loss  of  pressure  in  the 
feeders  during  periods  of  maximum  supply  is  15  volts. 

The  next  point  which  I  wish  to  draw  special  attention 
to  in  connection  with  the  Berlin  central  station  work  is  the 
type  of  cable  which  I  have  now  described*  This  cable  succeeded 
very  well  for  three  years,  but  lately  they  have  been  giving  way 
very  generally.  The  lead  gets  eaten  into  and  water  percolates 
to  the  copper,  which  is  then  destroyed.  At  first  it  was  supposed 
that  the  deterioration  came  from  the  cable  being  pierced  by  the 
borers  used  by  the  gas  people,  but  it  was  found  that  the  same 
fault  is  produced  even  in  iron  pipes  which  have  remained 
uninjured.  It  is  supposed  that  the  deterioration  of  the  lead 
may  be  due  in  some  way  to  its  forming  a  galvanic  element  with 
the  iron  sheathing.  Whatever  the  cause  may  be,  the  fact  seems 
to  be  established  that  such  cable  will  not  stand  underground 
electric  light  work  for  more  than  about  three  years.  These  cables 
generally  run  under  the  footways  without  any  casing,  and  are 
connected  by  circular  junction  boxes  to  the  houses,  powerful 
clamps  and  no  soldering  being  used  for  the  contacts.  All  the 
dynamos  feed  direct  on  to  the  mains  in  parallel.  One  feeder 
alone,  serving  the  mains  close  to  the  station,  has  a  resistance  in 
drcttit  in  the  station  to  equalise  its  loss  of  pressure  to  the  others. 

A  few  detached  facts  strike  me  as  being  worth  noting. 

Each  16  candle-power  lamp  uses  50  to  55  watts. 

The  charges  for  electric  supply  are  6s.  per  lamp  per  annum,. 
and  9'6d.  x>^r  Board  of  Trade  unit. 

The  Aron  meter  is  universally  employed. 

The  price  of  gas  in  Berlin  is  4s.  lOd.  per  1,000  cubic  feet. 

The  distances  from  central  stations  to  lamps  extend  to  1,000> 
or  1,200  yasds.  "  ^' 
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100  kilometres  of  cable  have  been  laid   on  the  two-wire 
system. 

Each  of  the  large  machines  can  supply  3,000  to  3,500  lamps 
of  16  candle-power. 

The  largest  cable  is  1^  square  inches  of  copper  in  section. 

I  spent  a  long  time  in  this  station,  and  had  machines  taken 
off  and  put  on — an  operation  which  occupied  two  or  three  minutes. 
I  took  careful  note  of  the  amoimt  of  skilled  attention  which  was 
required,  and  saw  that  it  was  considerable.  A  man  of  high 
training,  accustomed  to  the  use  of  scientific  instruments,  is 
always  in  attendance  and  looking  after  the  amperes  and  volts 
from  the  different  machines  and  pilot  wires,  and  recording  the 
measurements.  It  struck  me  that  the  working  of  this  station 
was  thoroughly  German — certainly  not  American — but  it  was  most 
methodical  and  very  effective.  One  of  the  most  interesting  parts 
of  this  central  station  is  the  switch-board,  with  the  special  means 
for  introducing  a  fresh  d3rnamo  in  parallel,  or  cutting  it  out. 
This  also  is  a  point  to  which  sufficient  attention  has  not  generally 
been  given  in  England.  In  all  foreign  stations  that  I  have  ever 
seen,  when  a  current  of  over  100  amperes  is  switched  in  or  out,  it 
is  found  necessary  to  make  use  of  an  auxiliary  load  in  the  form  of 
resistances,  a  bank  of  lamps  being  generally  employed  as  being 
the  cheapest  resistance  available.  When  a  new  dynamo  is  going 
to  be  introduced  in  parallel,  it  is  first  worked  on  an  artificial  load, 
and  the  exciting  current  regulated  until  the  volts  and  amperes 
agree  with  those  of  the  other  dynamos  with  which  it  is  to  be  put 
in  parallel.  As  soon  as  this  equilibrium  is  attained  the  mains  are 
switched  into  connection  with  the  new  dynamo  and  its  load. 
After  that  the  load  is  taken  off.  This  prevents  the  possibility 
of  the  d3mamo  thus  introduced  being  caused  to  run  as  a  motor 
by  the  current  from  the  other  dynamos,  and  prevents  too 
violent  a  sparking  at  its   brushes.      The    switch-board  at  this  , 

central   station  for  the  four  large  dynamos,  with  the  accom-  i 

panying  artificial  load  or  resistance,  and  with  its  ammeters  and 
voltmeters,  is  very  perfect.  Facing  the  operator,  the  switch- 
board is  in  four  sections  for  the  four  dynamos.  Each  dynamo 
has  three  massive  double-pole  switches — one  for  the  dynamo,  one  ■{ 
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for  the  artificial  resistance,  and  one  for  the  mains.  Plugs  can  be 
inserted  for  varying  the  resistance  on  the  artificial  load.  The 
ammeter  is  placed  above  these  switches  for  each  machine,  and  a 
voltmeter  can  be  attached  to  any  one  of  them,  as  required.  A 
photograph  of  this  switch-board  is  reproduced  (Plate  2,  Fig.  2). 

The  second  station  is  in  the  Mauer  Strasse.  This  station 
helps  to  feed  the  mains  for  incandescent  lamps.  It  also  supplies 
arc  lights  arranged  in  twelve  circuits  all  arranged  in  parallel, 
each  circuit  having  twelve  arc  lamps  of  14  to  15  amperes.  Here 
three  Siemens  machines  of  the  old  type  are  driven  by  a  counter- 
sbaft.  Three  Siemens  &  Halske  new-type  multipolar  machines 
are  also  at  work,  and  four  Edison  machines  and  six  multipolar 
machines  of  low  tension.  11,000  lamps  of  16  candle-power  can 
be  supplied  besides  the  arcs. 

Sixty-eight  feeders,  or  thirty-four  pairs,  start  from  this 
station. 

The  Friedrich  Strasse  station  is  small,  and  was  the  commence- 
ment of  the  present  system.  Here  four  six-legged  old-type 
Edison  machines,  each  of  75  horse-power,  are  driven  by  Armington- 
Sims  engines,  and  feed  the  general  system  of  mains.  Fifty- 
two  men  are  employed  on  the  three  stations  in  eight-hour 
shifts.  The  Berliner  Elektricitats-Werke  paid  last  year  a  divi- 
dend of  5  per  cent. ;  the  AUgemeine  Elektricitats  Gesellschaft, 
which  does  the  central  station  work,  paid  last  year  7^  per  cent. 
In  special  districts  800  or  900  lamp-hours  per  annum  are  used ; 
in  residences  only  400  to  500  lamp-hours  per  annum.  Load 
diagrams  showing  the  current  used  at  difiierent  hours  of  the 
day  in  each  month,  and  the  proportionate  cost  from  different 
causes,  fixed  and  variable,  have  already  been  published,  but  are 
here  reproduced  (Plate  3). 

Milan. 

The  central  station  in  Milan  is  not  of  the  highest  importance 
so  far  as  we  can  learn  anything  from  it,  except  on  one  important 
point.  The  principal  streets  throughout  the  whole  town  are 
lighted  by  Thomson-Houston  arc  lights  to  the  number  of  350. 
This  lighting  gives  us  some  idea  of  the  manner  in  which  this 
metrc^lis  will  soon  be  lighted ;  and  anyone  who  sees  it  and 
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realises  that  this  clear,  white,  briUiant  illumination  may  be  made 
to  brighten  our  wider  thoroughfares  and  to  penetrate  our  darkest 
slums,  will  realise  that  when  London  is  as  far  advanced  in  adapt- 
ing these  possibilities  of  civilisation  as  Milan  is,  we  shall  lead 
healthier,  happier,  and  purer  lives,  and  our  streets  will  be  less 
notorious  throughout  the  world  as  the  hotbeds  of  immorality 
and  midnight  assassination. 

I  will  briefly  refer  to  the  points  which  struck  me  as  being 
most  worthy  of  notice. 

The  station  has  14,000  incandescent  lamps  of  16  candle- 
power.  The  maximum  load  is  60  per  cent,  of  the  number  of 
lights  installed. 

At  this  station  it  has  been  found  quite  practicable  to  use 
Siemens  ratchet  arc  lamps  of  only  4^  amperes,  the  upper  carbon 
being  12  mm.  diameter  and  200  mm.  long,  the  lower  one  7  mm. 
diameter  and  200  mm.  long,  lasting  7^  to  8  hours.  For  longer 
duration  larger  carbons  are  used  up  to  15  hours.  This  is  the 
first  station  where  I  have  seen  an  arc  lamp  of  so  low  a  current  in 
use.  A  certain  resistance  is  put  in  series  with  the  lamp,  and  two 
lamps  are  put  in  series  on  the  mains  feeding  the  Edison  lamps. 

The  La  Scala  Theatre  has  2,800  glow  lamps  of  16  candles  and 
30  arcs  on  the  same  mains. 

Edison  meters  are  used  and  have  given  great  satisfaction. 
The  price  is  fixed  on  a  sliding  scale  varying  from  7d.  to  Is.  per 
Board  of  Trade  unit.  Gas  now  costs  about  6s.  9d.  the  1,000 
feet.  Before  the  electric  light  was  introduced  it  was  10s.  6d.  the 
1,000  feet. 

Two  of  the  theatres  are  supplied  by  two  Zipemowski  machines, 
each  of  40  amperes  and  2,000  volts.  For  these  circuits  Siemens' 
concentric  cables,  of  which  a  specimen  is  exhibited  here,  are 
used,  the  section  being  28  square  millimetres.  Four  Thomson- 
Houston  machines  are  supplying  35  arc  lights  each,  and  four 
more  are  supplying  30.  Half  of  these  are  single  and  half 
double  carbon  lamps,  the  single  ones  being  put  out  at  midnight. 

I  should  mention  that  the  coal  used  costs  27s.  6d.  per  ton, 
but  labour  is  cheap.  nr^r^r^]^ 

1      o    -nr*!  i_     •■!  1         *  niniri7Prl  h\/ VtOOvK: 

Ten  Babcock  &  Wilcox  boilers  supply  the  steam.    The  engines 
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are  all  non-condensing.  The  low-pressure  mains  are  on  a  two- 
wire  system.  Twenty-eight  cables,  or  fourteen  pair  of  feeders, 
supply  current  to  the  mains.  No  pilot  wires  are  used,  but  a  man 
reads  the  ampere-meter  and  sets  the  volts  by  a  table.  There  are 
ten  Edison  machines  of  what  is  known  as  the  Jumbo  type  feeding 
mains  on  the  two-wire  system.  They  were  originally  supplied 
each  with  a  separate  regulator  for  adjusting  the  exciting  current, 
but  connecting  gear  has  now  been  introduced  which  works  them 
all  simultaneously.  A  fan  is  provided  for  driving  air  through 
holes  in  the  poles  of  the  field  magnets.  The  whole  of  the  low- 
tension  system  is  antiquated,  and  we  have  little  to  leam  from  it 
except  what  to  avoid.  I  found  the  arrangements  for  switching 
dynamos  in  and  out  worked  very  well.  An  artificial  load  of 
lamps  is  used  at  one  part  of  the  room,  a  main  going  thence  past 
each  dynamo.  Thus  two  men  are  required  to  put  in  a  new 
dynamo.  It  is  first  put  on  to  the  lamps,  the  machine  being 
excited  to  the  same  extent  as  the  other  ones.  The  load  of  lamps 
is  changed  until  the  volts  are  the  same  as  on  the  working  circuit. 
A  signal  is  then  given,  and  the  dynamo  with  its  load  is  switched 
on  to  the  working  mains.  The  load  of  lamps  is  then  removed. 
This  is  simpler  than  at  Berlin,  owing  to  the  fact  that  the  exciting 
current  is  known  beforehand,  but  less  simple  owing  to  the 
dynamo  switches  being  distant  from  the  lamps  and  voltmeters. 
Ten  machines  work  thus  in  parallel  without  trouble,  which  is  a 
very  good  performance. 

At  Milan  the  average  cost  for  wiring  houses  is  only  £1  per 
lamp.  Wages  are  one-fifth  of  the  total  working  expenses,  coal  is 
one-half,  lamp  renewals  (undertaken  by  the  company)  is  7  per 
cent.  The  capital  is  £120,000,  of  which  £24,000  has  been  spent 
in  mains.  The  company  has  paid  a  dividend  for  several  years. 
It  is  steadily  increasing,  and  was  4  per  cent,  last  year.  There  is 
a  large  reserve  fund. 

Plans  are  exhibited,  one  showing  the  positions  of  the  arc 
lamps,  and  also  the  alternate-current  circuits  (Plate  4,  Fig.  1), 
and  the  other  showing  the  low-pressure  mains  and  feeders,  with 
the  junction  boxes  and  distributing  boxes  (Plate  4,  Fig.  2). 
Another  drawing  shows  the  station  in  section,  with  the  engines 
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and  dynamos  on  the  ground  floor,  and  the  boUers  on  the  first 
floor  (Plate  4,  Fig.  3).  Another  shows  the  plan  of  the  engine 
and  dynamo  room  (Plate  4,  Fig.  4). 

BOME. 

The  station  at  Eome,  started  by  the  gas  company  in  that  city, 
is  the  finest  example  of  an  alternating-current  central  station 
which  I  have  yet  seen.  But  it  has  been  very  costly  to  establish. 
Many  of  the  details  contain  hints  of  the  greatest  use  to  those 
who  are  at  work  on  this  subject.  The  whole  plant  has  been 
contracted  for  by  Messrs.  Ganz,  of  Buda-Pesth. 

A  general  plan  is  shown  (Plate  1,  Fig.  2)  of  the  electrical  plant 
in  this  central  station — all  on  the  ground  floor — ^the  diflferent  parts 
being  indicated  by  the  following  numbers  and  letters  : — 

Nos.  1  to  8 Eight  Babcock  &  Wilcox  boilers,  of  164  H.P. 

each,  already  in  place.     Total,  1,312  H.P. 
Nos.  9  to  14. — Space  where  six  other  boilers,  similar  to  above, 

will  be  erected. 
A  and  B. — Two   self-exciting    dynamos,   2,000   volts    x   45 

amperes,  and  150-H*P.  engines. 
I.  and  II. — Two  dynamos,  2,000  volts  x  160  amperes,  and 

600-H.P.  engines. 
III.  and  IV.— Space  for  two  other  dynamos   and   engines 

similar  to  I.  aud  II. 
71,  71,  71. — ^Three  exciters,  and  Westinghouse  engines. 
C. — Place  where  are  four  feed-pumps  for  boilers. 
M. — One  50-H.P.  gas  engine,  with  dynamo,  30,000  watts, 
and  exciter. 
There  are  two  self-exciting  alternators  of  150  horse-power  each, 
and  two  independently  excited  ones  of  600  horse-power  each. 
These  give  42  amperes  and  160  amperes  respectively,  and  2,000 
volts.    At  present  9,000  glow  lamps  of  16-candle  power  are 
supplied,  and  over  200  arc  lamps.    All  the  machines  are  capable 
of  working  in  parallel,  even  the  large  and  small  ones  together. 
The  number  of  alternations  is  5,000  per  minute,  or  2,500  complete 
periods.    The  greatest  distance  to  which  current  is  at  present 
supplied  is  4|^  kilometres,  or  about  3  miles.    The  feeders  all  go  to 
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the  Piazza  Venezia,  and  then  branch  off  into  three  mains  in 
•different  directions  (Plate  1,  Fig  3^.  The  loss  in  the  secondary 
•circnits  due  to  loss  in  the  feeders  at  present  is  only  0*6  volt  at 
the  maximum,  and  that  due  to  the  mains  is  the  same,  the  length 
of  feeders  being  1,600  metres. 

Siemens'  concentric  conductors  are  used  throughout.  The 
feeders  are  each  220  square  millimetres  section,  or  0*35  inch. 
Drawings  of  the  junction  boxes  by  Siemens  &  Halske  are  shown 
(Fig.  2),  indicating  the  means  of  attachment  by  clamps  of  the 
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two  ends  of  the  inner  and  outer  concentric  cores.  The  cables  are 
laid  in  a  wooden  box,  which  is  then  filled  with  cement.  17  kilo- 
metres of  cable  have  been  laid  up  to  January,  1889.  The  feeders 
have  been  working  since  September,  1887.  The  converters  are 
all  of  10  horse-power,  with  about  4  amperes  in  the  primary  and 
75  in  the  secondary.  110  volts  are  used  in  the  secondary,  but 
the  secondary  coil  has  three  terminals,  one  half-way  along  the 
length  of  wire.  This  is  to  enable  a  three-wire  system  to  be  used 
for  the  secondaries  when  arc  lamps  are  used,  consuming,  with  their 
resistances,  55  volts  each.  -^  o  " 
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The  old  type  of  Zipernowski  converter,  with  iron  wire  wound 
round  the  copper  coils,  has  been  abolished.  The  iron  part  is  built 
up  of  circular  flat  ring-shaped  discs  of  iron.  These  are  firmly 
clamped  together  by  iron  clamps,  which  form  the  support  of  the 
instrument.  The  copper  coils  are  wound  upon  the  segments  of  the- 
rings  between  the  clamps.  The  primary  coil  is  underneath  the 
secondary.  The  converter  has  an  iron  circular  disc  at  top  and 
bottom  fixed  to  the  clamps,  and  this  enables  the  instrument  to  be 
easily  rolled  about  without  injury,  which  facilitates  handlings 
On  the  top  is  a  porcelain  disc,  on  which  are  placed  the  terminals 
and  fusible  cut-outs.  These  are  short  strips  of  thin  metal  held 
in  pasteboard,  and  can  be  slipped  in  and  out  with  the  greatest 
ease.     Drawings  of  these  converters  are  shown  (Figs.  3  and  4). 

The  small  machines  are  intended  to  work  1,000  lamps  of  60 
watts.  There  are  twenty  poles,  and  250  revolutions  per  minute. 
A  derivation  is  taken  firom  a  commutator  to  excite  the  machine. 
Sulze  engines  are  used  for  these  dynamos,  acting  direct  on  the 
dynamos.  The  steam  pressure  is  120  lbs.  A  photograph  of  these 
machines  and  engines  is  shown  (Plate  2,  Fig.  3). 

The  automatic  resistance  for  regulating  the  exciting  current^ 
invented  by  M.  Blathy,  is  very  efifective.  The  exciting  current 
passes  through  a  solenoid  actuating  an  iron  rod  which  is 
supported  at  one  end  of  a  balanced  lever.  The  bar  is  weighted 
with  a  float  in  water,  and  water  can  be  put  into  the  float.  On 
the  top  of  the  iron  bar  is  a  cup  of  mercury  which,  in  fallings 
breaks  contact  with  the  ends  of  wires  dipping  down  into  the 
mercury  cup.  These  ends  are  at  difierent  depths,  so  that  the 
wires  are  cut  out  of  circuit  in  succession.  The  wires  go  to 
resistances.  This  automatic  adjustment  acts  well  over  a  con*- 
siderable  range. 

The  exciters  for  the  large  dynamos  are  driven  by  Westing- 
house  engines.  They  are  governed  by  hand  for  the  large 
changes,  and  then  the  automatic  regulation  comes  in.  Such  a 
method  of  regulation  is  necessary  with  machines  having  so  large 
an  amount  of  self-induction.  This  is  the  only  satisfactory 
regulation  of  the  kind  which  I  have  seen  at  work.  It  is  one  of 
the  small  details  on  which  the  success  of  a  station  depends,  but 
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Fig.  8. — Zipernowski  7'5-Uiiit  Converter.    (Scale  1|^  inches  to  the  foot) 


Pio.  4.— Zipemowski  7-5-Unit  Converter.    (Scale  !«  inMi  fei  tfl^fl^'  ^ 


176  SOME  ELECTRIC  LIGHTING  CENTRAL  STATIONS  [Feb.  28th, 

which  are  often  forgotten  by  the  inexperienced  until  the  want  is 
felt. 

The  two  large  machines  have  forty  poles  each  on  the  revolving 
field  magnets.    Both  field  magnets  and  armature  are   divided 
into  two  series  in  parallel.     When  the  machine  is  illuminated  by 
an  arc  light,  to  which  it  supplies  the  current,  a  curious  optical 
effect  is  produced.    The  arc  being  periodically  made  and  broken, 
the  revolving  magnet-poles  are  seen  fixed  in  position,  and  the 
amount  of  lag  with  dififerent  loads  can  be  seen  directly.     The 
efficiency  of  these  machines  is  said  to  be  90  per  cent.,  including 
the  exciting  current.     These  machines  are  so  constructed  that 
the  cover  which  contains  the  armature  coils  can  be  drawn  away, 
by  means  of  a  handle,  shown  in  the  photographs  exhibited,  over 
the   electro-magnet  ring,  without  the    necessity  of  using  any 
hoisting  tackle  or  other  machinery.     Moreover,  the  construction 
of  the  fixed  armature  is  such  that  any  single  coil  can  be  removed 
in  a  few  minutes,  or  exchanged.     The  iron  of  a  section  of  the 
armature  is  in   this   case  removed  with   the   coil.      The   iron 
plates  of  which  these  armature  sections  are  made  are  T-shaped,  so 
that  the  centre  of  the  coil  is  filled  with  iron.      In  the  smaller 
machines  there  is  not  nearly  so  much  iron  in  the  coils.     In  the 
600-horse-power  machines  the   energy  absorbed  in  exciting  at 
full  load  is  said  to  be  3^  per  cent,  of  the  full  load.      Photographs 
are  shown  of  the  large  engines  and  dynamos  (Plate  2,  Figs.  4  and  5). 
The  T-shaped  iron  plates  of  the  armature  (K*)  (Fig.  5)  are 
pressed  together  by  strong  bronze  press  plates  (S^  S*)  and  a  screw 
(C").    The  wire  bobbin  is  then  slid  on  and  held  by  screws.    These 
segments  are  fastened  to  two  traverses  (T)  by  the  screws  (R), 
which  traverses  are  in  turn  screwed  with  an  insulating  layer  (U) 
to  the  side-plates  of  the  framework  of  the  machine. 

The  field-magnet  wheel  is  constructed  as  follows : — U-shaped 
soft  iron  sheets  (K)  are  so  arranged  together  as  to  form  a  star, 
to  which  is  added  a  similar  star,  with  an  insulating  layer 
between,  placed  in  such  a  way  that  the  interstices  between  the 
sheets  composing  the  lower  star  are  covered  by  the  sheets  of 
the  upper  star.  In  this  way  many  iron  laminse  are  put  one  upon 
the  other  until  there  are  sufficient  to  form  the  ijrhole  jel^ctro- 
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magnet  wheel.  The  pile  so  formed  is  then  pressed  together  to 
form  a  compact  whole  by  means  of  two  stiff  discs  (S),  two  bosses 
(N),  and  the  screws  (C).  The  bobbins  (M)  are  slipped  on  to  the 
core  (K),  and  held  down  by  means  of  the  bobbin-holder  (H)  and 
screws  (C).  The  subdivision  of  the  iron  in  the  field  magnets  is 
necessitated  by  the  teeth  of  iron  in  the  armature  projecting 
inwards  through  the  coils. 

The  large  engines  are  by  Ganz  &  Co.     They  are  carefully 
balanced,  and  are  provided  with  starting  gear. 


=^***IJ¥NArtO  ■••     DYNAWP- 
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Fig.  6. — Borne — Mercury  Switch-Board. 

A  drawing  is  exhibited  of  the  switch-board  (Fig.  6),  which  is 
very  ingenious,  but  very  expensive.  The  board  is  about  8  feet  high 
and  17  feet  long.  It  is  divided  into  four  sections,  one  for  each 
dynamo,  and  each  section  is  divided  into  six,  one  for  each  pair  of 
feeders.  A  pair  of  4-foot  horizontal  bars  runs  along  each  dynamo 
section,  connected  with  the  two  poles  of  the  dynamo.  Two 
vertical  bars  descend  from  these  at  each  of  the  six  parts  allotted 
to  the  six  circuits.  Six  pair  of  horizontal  bars  are  connected  to 
the  six  pair  of  feeders  (only  three  are  as  yet  in  use),  these  pairs 
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being  one  over  the  other.  At  each  feeder  section  a  pair  of 
vertical  copper  bars  descend  from  the  horizontal  feeder  bars 
corresponding  to  that  section.  Thus  we  have  at  each  feeder 
section  two  vertical  dynamo  bars  and  two  vertical  feeder 
bars,  the  lower  ends  all  being  at  the  same  level.  Mercury  cup& 
can  be  raised  to  connect  each  dynamo  bar  with  a  feeder  bar,  or 
lowered  to  disconnect  them.  The  chief  object  of  the  switch-board 
is  to  enable  us  to  switch  any  number  of  dynamos  in  or  out  of 
connection  with  any  feeders  simultaneously  and  instantaneously. 
I  will  now  describe  this  action,  referring  to  the  diagram.  In  the 
normal  condition  the  crank  (A)  and  handle  (B)  would  be  as  shown 
in  the  side  elevation,  one  crank  to  each  mercury  cup  (C).  If  it 
be  required  to  put  on  to  the  dynamo  the  feeder  No.  6,  and  take 
off  No.  1  from  the  dynamo  represented  by  this  part  of  the  switch- 
board, the  handles  (B),  with  cranks  (A),  corresponding  to  these 
feeders  are  pushed  bodily  to  the  left ;  the  web  of  each  crank  is 
thus  made  to  fit  in  a  vertical  slot  in  the  disc  (E),  which  disc  is 
connected  to  the  bevel  wheel  (Gr)  by  a  hollow  spindle  to  which  (G) 
is  keyed,  this  bevel  wheel  gearing  with  the  bevel  wheel  (H)  keyed 
on  to  the  shaft  (I),  running  the  whole  length  of  the  switch- 
board. The  crank  of  No.  6  would  be  diametrically  opposite  that 
at  No.  1,  since  one  was  disconnected  and  the  other  connected  to  a 
circuit.  The  lever  (L)  is  then  thrown  over  against  the  other  stop, 
causing  the  crank  No.  6  to  be  raised  from  its  lowest  to  its 
highest  position,  and  that  of  No.  1  to  be  correspondingly 
lowered. 

The  voltmeters  in  this  station  by  which  the  pressure  at  the 
lamps  is  kept  constant  are  regulated  by  means  of  two  circuits, 
one  being  a  shunt  on  the  dynamo  terminals,  and  the  other 
carrying  the  main  current.  These  are  passed  through  converters, 
and  the  secondary  currents  actuate  a  solenoid  in  opposite  direc- 
tions. This  compound-wound  voltmeter  indicates  the  pressure  at 
the  lamps,  and  is  maintained  constant.  Professor  Mengarini  has 
devised  an  ingenious  recording  voltmeter  for  marking  in  a  daily 
curve  the  pressure  at  the  dynamo  terminals  at  each  minute  of 
time.  These  show  variations  of  12  volts  at  different  hours. 
Reproductions  of  the  registered  curves  are  now  exhibited  (F^lgs. 
7  and  8). 
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Fig.  7.— Carves  taken  on  Professor  Mengarini's  Aatomatic  Recording 
Voltmeter. 


Fig.  8. 


There  are  fifty  converters  now  at  work,  each  of  10  horse-power. 
The  efiiciency  of  these  converters  is  95  per  eent.^at  fall  load. 

Jigitized  by  V3 r^-- 
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That  of  Messrs,  Ganz's  5-hor8e-power  converters  is  92  per  cent., 
and  the  2i-horse-power  is  88  per  cent.  This  is  far  higher  than 
with  many  of  those  now  made  in  England.  The  House  of 
Parliament  is  lighted  by  four  banks  of  five  converters  each. 


PaH  II. 

LESSONS  TO  BE  LEAENED  FEOM  EOEEIGN  CENTEAL 
STATION  LIGHTING. 

I  propose  now  to  deal  with  some  of  the  problems  of  central 
station  lighting  which  we  in  London  have  now  to  face. 

I  judge  by  the  practices  I  see  common  in  this  country  that  I 
shall,  as  to  my  opinions  on  many  points,  be  at  variance  with  some 
of  my  brother  engineers,  because  in  the  work  which  has  hitherto 
been  done  I  see  that  the  experience  of  foreign  countries  has  very 
often  been  neglected ;  and  the  rule  seems  to  be  to  neglect  the 
opportunity  of  utilising  the  experience  gained  at  great  expense 
of  time  and  money  in  foreign  countries,  while  our  progress  was 
being  retarded  by  the  Electric  Lighting  Act.  But  my  conclu- 
sions have  been  arrived  at  after  a  most  careful  consideration  of 
the  successful  work  which  has  been  done  in  Europe  and  America, 
and  I  am  ready  to  condemn  foreign  practice  when  necessary.  All 
I  say  is,  that  we  ought  to  benefit  by  the  experience  abroad,  and 
I  know  that  those  who  have  the  best  interests  of  electric  lighting 
in  England  at  heart  agree  with  me. 

This  neglect  of  the  principles  laid  down  in  other  countries  I 
find  to  exist  whether  the  central  station  be  used  for  continuous 
or  alternating  currents.  I  foresee  great  danger  in  store  for  us  if 
we  do  not  discuss  the  difficulties  fully  at  the  outset,  and  I  trust 
that  the  discussion  that  this  part  of  my  paper  will  give  rise  to 
will  assist  to  make  the  progress  now  being  made  in  England  a 
thorough  success. 

Thkee-Wire  System. 

My  first  remarks  will  be  about  the  direct  system  of  supply  at 
low  pressure— a  system  which  may  be  much  more  frequently  em- 
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j)loyed  with  advantage  than  many  people  seem  to  imagine.  It 
is  not  suited  for  a  large  district,  but  it  has  some  advantages. 
Fi/rst — ^That  the  steadiness  of  the  light  can  be  increased,  the 
fear  of  accidents  diminished,  and  the  amount  of  machinery  re- 
duced, by  the  employment  of  storage  batteries.  Second — ^If 
batteries  are  not  used,  the  loss  of  energy  in  transformation  is 
avoided. 

Let  us  deal  first  with  the  case  where  all  the  dynamos  are 
working  in  parallel  at  the  same  pressure.  This  is  the  Edison 
plan,  and  is  very  generally  adopted.  I  have  shown  in  my  Cantor 
Lectures*  that  when  we  extend  beyond  a  certain  distance  from 
the  central  station  on  the  system  at  present  used,  the  question  of 
•economy,  as  established  by  Sir  William  Thomson's  law  for  the 
size  of  conductors,  must  be  partially  abandoned,  and  a  different 
size  used,  in  order  to  prevent  the  variation  of  electrical  pressure 
over  the  area  being  too  considerable  under  the  varying  loads. 
With  the  "  two-wire  "  system  the  law  of  economj'  holds  only  up 
to  a  very  short  distance ;  with  the  "  three-wire  "  the  distance  is 
doubled.  This  is  due  to  the  fact  that  the  pressure  is  doubled, 
and  this  is  the  principal  advantage  possessed  by  the  three-wire 
system.  In  Berlin  and  Milan  the  two-wire  system  has  hitherto 
been  adopted,  and  the  enormous  amount  of  capital  expended  in 
copper  is  a  proof  of  the  costliness  of  the  system.  I  hold  that  in 
no  case  of  central  station  work  at  low  j)ressure  ought  the  two- 
•wire  system  to  be  adopted.  In  this  I  am  supported  by  the 
universal  practice  in  America,  where  the  two-wire  system  for  low- 
pressure  distribution  is  now  totally  abandoned.  I  am  also  sup- 
ported in  this  by  the  practice  in  Berlin,  where  all  future  work  is 
to  be  done  on  the  three-wire  system.  In  spite  of  these  con- 
siderations, I  am  not  aware  of  a  single  case  where  it  is  in  actual 
use  in  England  since  the  experiments  at  Leamington  have  been 
abandoned.  The  two-wire  system  is  used  at  a  good  many  places 
in  this  country.  The  result  of  experience  probably  is  that  the 
three-wire  system  can  be  profitably  worked  to  a  maximum  limit 
of  half  a  mile. 

•  Cantor  Lectures,  «*  On  the  Distribution  of  Electricitj,"  Society  of  Arts* 
JTottmaZ,  1885.  .         . ^   - 
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Feeders. 

I  now  come  to  another  principle  of  distribution  which  is 
strangely,  and  I  believe  very  generally,  neglected  in  this 
cotmtry,  I  refer  to  the  use  of  "  feeders."  Let  me  distinguish 
between  the  use  of  feeders  and  mains.  Mains  are  conductors 
from  all  parts  of  which  branches  may  be  led  into  the  houses. 
Feeders  are  conductors  leading  from  the  central  station  to  various 
points  in  the  system  of  mains,  and  which  are  not  tapped  on  the 
road.  In  BerUn  and  Milan  the  practice,  first  started  in  America, 
is  followed  of  laying  down  a  network  of  mains  and  supplying 
current  at  numerous  points  in  them  by  means  of  feeders.  This 
serves  to  equalise  the  pressure  over  the  entire  districts  under 
varying  loads.  In  England  this  practice  is  not  generally  adopted. 
The  result  is  that  if  you  wander  over  a  district  supplied  by 
electric  light  in  England,  you  find  that  when  the  supply  of 
current  is  small  the  lamps  are  equally  bright  over  the  whole 
town,  but  when  there  is  a  large  demand  for  light  the  glow  lamps 
near  the  station  are  far  too  bright  and  those  at  a  distance  are  far 
too  dull.  In  Berlin,  where  half  the  capital  spent  in  conductors 
has  been  used  for  feeders,  the  lamps  are,  all  over  the  district, 
equally  bright  at  all  times.  Not  the  slightest  difiference  can  be 
perceived  at  diffiMrent  hours  of  the  day  or  night.  I  hold  the 
opinion  that  a  station  with  low-tension  current  without  feeders  is 
badly  engineered. 

Using  Dynamos  at  Different  Pressures. 

It  is  the  universal  practice  abroad  to  make  the  size  of  the 
feeders  such  that  the  loss  of  pressure  in  these  feeders  is  the  same 
in  all.  This  involves  the  use  of  very  large  feeders  when  their 
length  is  great,  and  great  waste  of  energy  when  the  length  of 
feeder  is  small,  but  it  enables  all  the  feeders  to  be  supplied  by 
dynamos  at  the  same  pressure,  which  may  therefore  work  in 
paralleL  This  arrangement  is  simple  to  work,  but  it  is  wasteful. 
I  find  that  we  can  save  enormously  in  copper  at  a  slight  extra 
trouble  in  working  the  central  station.  I  would  prefer  to  see  the 
feeder  divided  into  two  or  three  groups,  feeders  in  each  group 
having  the  same  length,  and  having  the  same  loss  of  i>ressure. 
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All  these  feeders  would  be  made  of  the  economical  section,  accord- 
ing to  Sir  William  Thomson's  law.  When  the  station  is  at  foil 
load  the  dynamos  working  long  feeders  have  a  higher  pressure 
than  those  working  short  feeders.  When  the  load  is  light  all  the 
dynamos  would  work  at  the  same  pressure,  because  the  loss  in  the 
feeders  is  insignificant.  At  such  times  all  the  dynamos  might  be 
joined  in  parallel,  or  the  feeders  might  all  be  upon  one  dynamo. 

Position  of  Pilot  Wires. 

In  nearly  all  cases  of  low-pressure  distribution  the  pressure  is 
regulated  by  a  "  pilot  wire "  coming  from  the  point  where  the 
feeder  meets  the  main.  These  pilot  wires  indicate  the  pressure 
at  those  points  upon  a  voltmeter  at  the  station,  which  is  kept  at 
constant  reading  by  an  attendant.  Sometimes  all  the  different 
pilot  wires  are  grouped  together  at  the  station  and  indicate  the 
average  pressure  on  the  voltmeter.  This  is  done  at  Berlin.  At 
Milan,  however,  the  pressure  is  varied  according  to  a  tabular  rule 
when  the  current  varies.  The  use  of  pilot  wires  is,  however,  very- 
desirable,  but  I  hold  that  hitherto  the  pilot  wires  have  generally 
been  placed  in  the  wrong  position.  Suppose  that  a  4  per  cent^ 
variation  exists  over  the  district  of  mains  suppUed  by  any  one 
feeder,  and  that  the  point  where  the  feeder  strikes  the  mains  is 
kept  at  constant  pressure,  then  the  most  distant  lamp  suppUed 
by  that  feeder  has  a  variation  of  4  per  cent.  If,  however,  the 
pilot  wire  came  from  a  point  half-way  between  the  most  distant 
lamp  and  the  feeder,  and  this  point  were  kept  at  constant 
pressure,  the  maximum  variation  of  pressure  would  be  reduced  ta 
one-half,  and  would  be  only  2  per  cent.  It  appears,  then,  that  by 
properly  placing  the  pilot  wires  the  variations  in  pressure  can  be 
reduced  to  one-half ;  or,  keeping  the  variations  of  pressure  the 
same,  the  quantity  of  copper  in  the  mains  may  be  reduced  to  one- 
half. 

In  these  suggestions  as  to  dynamos  at  different  pressures  and 
as  to  the  position  of  pilot  wires  I  am  supporting  a  course  which 
has  not  been  generally  adopted  anywhere,  but  the  improvement 
ought  only  to  be  mentioned  to  receive  general  recognition.^  ~ 
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Lamps  of  Different  Voltage. 

It  has  often  been  proposed  to  supply  different  parts  of  a  dis- 
trict with  lamps  of  diflFerent  voltage.  In  the  ordinary  plan  of 
using  feeders  and  pilot  wires  the  maximum  pressure  at  the  most 
distant  lamp  supplied  by  any  feeder  is  the  same  as  the  pressure 
in  the  mains  at  the  feeder.  The  minimum  pressure  may  be,  let 
us  say,  4  volts  less.  Suppose  100-volt  lamps  are  used,  those  near 
the  feeder  will  always  have  100  volts,  but  the  most  distant  ones 
will  have  pressures  varying  from  96  to  100  volts.  96  volts  would 
make  the  lamps  very  dull ;  and  if  at  the  distant  points  lamps  of  98 
volts  were  used  the  pressure  would  never  vary  more  than  2  per 
cent,  from  the  normal,  and  a  better  light  would  be  obtained. 
This  would  be  a  very  good  arrangement  if  we  could  lay  out  a 
district  from  the  beginning  with  all  the  positions  of  the  lamps 
established,  but  it  is  found  that  as  the  station  progresses  a  house 
which  would  have  required  100  volt  lamps  yesterday  may  require  a 
limit  of  only  99  volt  lamps  to-day,  owing  to  the  introduction  of 
additional  lamps  between  it  and  the  feeder.  Experiments  which 
have  been  made  in  America  on  this  plan  have  led  to  disastrous 
results  and  hopeless  confusion  in  completing  the  scheme.  This 
plan  has  been  completely  abandoned,  and  in  the  present  state  of 
the  industry  I  think  that  this  abandonment  has  been  wise. 

I  do  not  think  a  greater  variation  of  pressure  than  2  per  cent. 
np  and  down  should  ever  be  allowed  if  you  wish  to  supply  a  satis- 
factory light.     In  Berlin  it  is  only  |  of  a  volt. 

I  consider  that  success  or  failure  of  many  electric  light 
companies  now  doing  central  station  work  is  very  much 
dependent  on  their  following  or  neglecting  the  proper  rules 
for  distribution,  and  I  will  illustrate  the  importance  of  these 
rules  by  a  few  examples. 

1.   A  plain   network   by  the   two- wire   system,    fed  at   the 

central  station  with  the  economical   size  of  copper  conductors 

according  to  Sir  William  Thomson's  law,  say  of  1,000  amperes 

per  square  inch,  and  going  to  a  distance  of  960*  yards,  would  have 

a  diflference   of  pressure  to  which  the  distant  lamps  would  be 

subjected  of  48*  volts. 

•  Since  this  paper  was  read  the  figares  marked  by  an  asterisk  have  beehlc 
chaiijred«  to  remove  an  error  pointed  out  by  Mr.  Lant  Carpenter.    It  may  also 
be  noticed  that  the  foreign  practice  is  to  make  the  peuti-al  wire  equal  in  section 
to  the  positive  and  negative  wires. 
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2.  On  the  three-wire  system  this  would  be  12  volts  with 
one-fourth  extra  copper. 

3.  With  the  same  amount  of  copper  as  in  the  last,  properly 
arranged  with  feeders,  the  feeding  points  being  320*  yards  apart, 
the  maximum  variation  of  pressure  in  any  lamp  over  the  district 
is  2  volts,  if  the  pilot  wires  come  from  the  feeding  centres. 

4.  Everything  remaining  the  same  as  this  last,  except  that 
the  pilot  wires  are  placed  in  the  proper  position  instead  of  at  the 
feeding  points,  the  maximum  variation  is  only  1  volt. 

Putting  it  in  other  words,  the  quantity  of  copper  required  to 
limit  the  variation  of  pressure  over  the  district  to  a  certain 
figure  is  in  the  last  case  one-twelfth  part  of  what  it  is  in  the 
second  case,  and  one-thirty-eighth*  part  of  what  it  is  in  the  first 
case. 

High-Pressure  Distribution. 

Before  I  leave  the  question  of  distribution,  let  me  now  appU^ 
the  same  rules  to  the  "  Gaulard  &  Gribbs "  system  of  using 
alternating  currents  with  high  pressure  in  the  mains  and  low 
pressure  in  the  houses,  the  reduction  in  pressure  being  effected 
by  means  of  an  induction  apparatus  called  a  "  converter."  At 
the  present  moment  these  converters  are  usually  put  in  jmrallel 
upon  the  mains.  There  is  a  general  impression  in  this  country 
that  it  is  not  necessary  to  have  feeders  supplying  the  mains,  even 
though  the  distance  extends  to  several  miles.  Here  again  the 
experience  of  other  countries  has  been  set  at  defiance,  although 
in  a  large  town  like  London  the  importance  of  this  rule  is  greater 
than  in  most  American  cities,  or  in  Eome.  If  such  views  continue 
to  be  adopted,  the  result  will  be  as  disastrous  in  the  future  as  it  has 
been  in  the  x)ast.  In  the  most  extensive  system  in  this  country, 
when  there  is  a  large  demand  for  current,  the  distant  lamps  look 
like  red-hot  hair-pins,  even  though  the  near  lamps  be  at  full 
brightness.     This  is  due  to  defective  distribution. 

.^  As  already  stated,  there  is  a  general  belief  in  this  country  that 
to  whatever  extent  the  Gaulard  &  Gibbs  system  is  used  no 
trouble  comes  from  variations  of  electric  pressure  over  the  district, 

•  See  note  on  preceding  page.      o   ~ 
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even  when  the  converters  are  placed  in  parallel.  Let  us  look  at 
this  question  a  little  closer.  Eetuming  to  the  two-wire  system 
for  low  pressure,  if  we  use  1,000  amperes  to  the  square  inch  as 
the  economical  section  for  our  conductors,  the  fall  in  pressure  is 
5  volts  for  100  yards ;  the  loss  of  pressure  due  to  the  house  wiring 
amoimts  very  generally  to  2  volts :  hence  the  total  variation 
between  the  periods  of  maximum  and  minimum  output  is  7  volts 
per  100  yards,  or  about  double  what  is  permissible  (4  volts). 
Let  us  see  how  this  distance  is  extended  by  using  a  pressure 
of  2,000  volts  in  the  mains  and  100  volts  in  the  secondary.  With 
the  same  density  of  current  the  loss  of  pressure  in  the  house  will 
be  now  5  volts  for  2,000  yards,  to  which  must  be  added  2  volts  for 
the  house  wiring  and  about  IJ  volts  for  loss  iii  the  converter, 
making  8  J  volts  loss  of  pressure  in  2,000  yards. 

If  we  allow  4  volts  variation  in  the  lamps,  which  is  quite  a 
maximum,  this  allows  only  ^  per  cent,  variation  in  the  mains,  and 
then  the  greatest  distance  to  which  conductors  can  extend  is 
200  yards.  The  only  means  of  extending  the  district  is  by  the 
use  of  feeders.  In  America  the  practice  prevails  of  allowing  only 
^  per  cent,  loss  of  pressure  in  the  mains.  I  have  taken  a  concrete 
case  of  1,000  amperes  per  square  inch,  which  may  not  always 
apply  to  actual  conditions,  but  it  shows  the  necessity  of  adopting 
the  universal  foreign  practice  of  employing  feedei^s  even  with 
high-pressure  mains. 

Pressure  Indicators  on  High-Tension  Circuits. 

It  would  be  highly  inconvenient  to  use  pilot  wires  with  the 
(xaulard  &  Gibbs  system,  such  as  are  used  on  low-pension 
circuits;  for  this  reason  compound-wound  voltmeters  are  used, 
which  indicate  the  pressure  at  the  far  end  of  the  feeder.  I  have 
described  those  in  use  at  Kome  and  Milan ;  I  have  also  described 
elsewhere  those  used  by  Westinghouse  in  America.  The  prin- 
ciple of  these  indicators  is  to  have  one  winding  connected  like  an 
ordinary  voltmeter  with  the  terminals  of  the  dynamo,  and 
another  winding  in  reverse  direction  to  carry  the  main  cuiTent. 
The  diminution  in  the  indication  owing  to  this  second  winding  is 
always  equal  to  the  fall  of  pressure  in  the  feeders.     Different 
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inventors  have  applied  different  classes  of  apparatus  for  accom- 
plishing this  result,  but  it  is  needless  to  say  that  the  working  out 
of  such  instruments  takes  a  long  time,  more  especially  in  such  an 
instrument  as  that  employed  by  the  Westinghouse  Company, 
which  is  made  interchangeable  for  all  circuits  by  the  inser- 
tion of  six  different  plugs,  representing  six  different  losses  in  the 
feeders,  converters,  and  house  wiring,  varying  from  3  per  cent, 
to  10  per  cent.,  besides  four  plugs  for  the  different  maximum 
currents  in  use  with  any  feeder.  I  draw  attention  to  this  point 
because  I  consider  that  the  successful  working  of  such  a  central 
station  depends  largely  upon  the  use  of  such  an  indicator  of 
pressure  ;  and  I  find  manufacturers  in  this  country  who  have  had 
little  or  no  experience  in  central  station  work  prepared  to  equip 
central  stations  with  all  the  necessary  measuring  instruments,  and 
I  wish  to  feel  confidence  that  these  manufacturers  have  realised 
the  importance  of  such  instruments;  and  I  wish  earnestly  to 
impress  upon  them,  solely  in  their  own  interests,  the  necessity  of 
working  out  such  instruments  if  they  wish  to  redeem  electric 
lighting  in  the  metropolis  from  the  condition  into  which  some  of 
the  so-called  pioneers  of  this  industry  have  reduced  it. 

Insulation. 

We  have  now  to  consider  a  very  important,  and  perhaps  the 
most  difficult,  part  of  the  problem  of  central  station  lighting — 
How  are  we  to  preserve  our  insulation  ?  It  must  be  noticed 
that  we  do  not  require  a  high  insulation  for  the  sake  of  getting  a 
small  loss  of  current,  but  only  because  with  many  insulators  the 
high  insulation  is  more  permanent,  and  permanency  is  the  quality 
of  insulation  which  is  most  to  be  desired.  I  am  not  going  to 
discuss  at  present  the  whole  question  of  insulation,  but  rather  to 
draw  conclusions  from  the  experience  of  the  past.  At  the  present 
moment  vulcanised  india-rubber  and  okonite  are  the  substances 
which  have  the  highest  reputation  for  durability  and  high  insola- 
tion under  all  conditions.  These,  like  other  cables,  are  sometimes 
covered  with  lead,  but  in  their  case  it  is  only  as  a  mechanical 
protection,  especially  during  the  process  of  laying,  because  the 
destruction  of  the  lead  would  not  destroy  the  insulation.     Of  late 
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years  a  class  of  cables  has  been  much  praised,  about  which  I  wish 
to  speak.  The  copper  conductor,  stranded  or  otherwise,  is 
covered  with  any  fibrous  material,  preferably  jute,  impregnated 
with  bituminous  oils.  This  covered  core  is  enclosed  in  the  lead 
pipe.  In  this  class  of  cable  the  insulation  depends  upon  the  lead 
being  water-tight.  We  all  know  of  many  places  where  this  type 
of  cable  has  done  good  work  for  a  limited  time,  and  many  of  us 
were  inclined  to  believe  that  it  was  quite  satisfactory ;  but  I  think 
I  am  right  in  saying  that  none  of  us  know  of  its  having  worked 
successfully  in  any  place  for  three  or  four  years.  I  have  said 
that  a  cable  of  this  kind  has  hitherto  been  exclusively  used  in 
Berlin,  the  lead  being  covered  with  layers  of  tape  or  braid  soaked 
in  a  preservative  compound,  and  the  whole  armour-plated  with  two 
closed  spirals  of  iron  ribbon.  I  regret  to  have  to  tell  you  that  this 
insulation  has  been  a  failure.  It  goes  on  well  enough  for  about 
three  years,  then  the  lead  gives  way,  the  covering  on  the  copper 
is  permeated,  and  chemical  or  voltaic  action  sets  up  in  the  copper, 
which  itself  becomes  disintegrated.  So  far  as  experience  goes, 
this  type  of  cable  seems  to  me  to  be  unsuitable  for  permanent 
work  with  the  electric  light.  I  trust  that  in  the  discussion  we 
shall  have  some  facts  brought  out.  I  had  hoped,  from  what 
Berthoud  &  Borel,  and  also  Waring,  had  done,  that  this  would 
not  be  so,  but  the  Berlin  experience  leads  me  to  think  otherwise ; 
and  on  looking  through  the  testimonials  of  makers  I  do  not  find 
that  these  cables,  when  placed  underground,  have  ever  worked 
electric  light  circuits  satisfactorily  beyond  the  three  years  fixed  by 
the  Berlin  people  as  being  destructive.  I  have  been  told,  but  I 
cannot  believe  it,  that  there  is  one  company  in  London  actually 
proposing  to  put  such  lead-covered  cables  without  covering  into 
iron  pipes.  Of  course  everyone  knows  they  would  soon  be  eaten 
into  by  galvanic  action. 

At  Berlin  and  elsewhere  I  believe  there  is  the  intention  of 
trying  some  modification  of  the  system  of  using  bare  conductors, 
first  practically  used  by  Mr.  Crompton  at  South  Kensington. 
Taking  economy  into  account,  it  is  probable  that  for  low-tension 
circuits  this  is  an  admirable  plan.  It  is  probable  that  it  may  also 
be  adapted  to  high-tension  circuits   by  using  oil  insulators  to 
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support  the  bare  conductors.  When  copi>er  strip  is  used  it  is 
necess&ry  to  raise  the  cover  of  the  trough  in  order  to  increase  the 
number  of  conductors :  this  is  very  expensive.  For  my  own 
part,  I  would  prefer  a  drawing-in  system,  if  it  were  otherwise 
equally  good. 

No  information  has  ever  been  given  as  to  ( 1 )  the  maximum 
or  (2)  the  minimum  insulation  resistance  of  the  conductors  at 
Kensington  Court,  but  perhaps  this  information  will  be  given 
during  the  discussion. 

At  the  present  moment  it  seems  to  me  that  the  only  tyi>es 
of  imderground  cable  proved  suitable  for  permanent  work  are 
either  bare  copper  supported  on  insulators,  or  else  vulcanised 
india-rubber,  or  perhaps  okonite.  Especial  care  must  be  taken  to 
avoid  an  insulator  which  is  injured  by  the  gases  which  permeate 
the  soil  of  a  town,  or  which  has  the  property,  like  pitch,  of 
becoming  viscous,  and  so  letting  the  copper  became  decentralised. 

Meters. 

The  next  lesson  which  the  experience  of  foreign  stations  iu 
Eurox>e  and  America  has  taught  us  is  the  importance  of  charging 
the  consumers  of  electricity  by  meter,  like  gas.  I  find  that  at 
present  most  companies  in  this  country  are  charging  the  larger 
proportion  of  their  consumers  by  contract,  making  an  annual 
charge  for  each  lamp.  This  appears,  from  evidence  collected 
everywhere,  to  be  a  fatal  mistake.  It  is  the  universal  experience 
that  those  stations  pay  best  where  meters  are  used.  In  manj- 
stations  it  is  found  to  be  the  best  plan  to  make  a  fixed  annual 
charge,  which  may  be  put  down  as  the  rent  of  meter,  and  then 
an  additional  charge  proportionate  to  the  quantity  of  electric 
current  supplied.  This  has  the  advantage  of  preventing 
customers  putting  in  place  a  large  number  of  lamps  which 
during  the  greater  portion  of  the  year  are  idle,  but  which  on 
festival  occasions  may  all  require  current.  Such  idle  lamps  are 
very  expensive  to  the  suppliers,  because  a  large  reserve  of 
machinery  must  be  lying  idle  during  the  whole  year  to  be  ready 
for  such  occasions. 

Within  the  last  month  I  have  described  before  the  Society  of 
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Arts*  the  diflFerent  meters  which  are  valuable,  without  pretending 
to  estimate  their  relative  value.  For  continuous  currents  we 
have  the  Edison  and  Aron  meters,  for  alternating  currents  we 
have  the  Schallenberger  meter,  and  for  both  classes  my  own 
«  Windmill "  meter. 

Converters. 

The  induction  apparatus  used  with  alternating  currents  is 
called  a  "  converter,"  "  secondary  generator,"  or  "  transformer." 
The  reduction  of  pressure  from  the  primary  to  the  secondary 
circuit  is  generally  20  to  1,  but  sometimes  more.  A  large 
number  of  types  have  been  invented.  I  have  elsewhere  described 
the  Westinghouse  converter,  which  I  have  tested  and  found  to  be 
very  efficient,  even  though  the  largest  one  he  is  in  the  habit  of 
supplying  is  only  for  forty  lights. 

Only  the  larger  size  of  Zipemowski  converter  is  so  efficient. 
Three  sizes  are  made,  varying  in  efficiency  from  95  down  to  88 
per  cent.,  though  the  latter  is  a  converter  suitable  for  twenty-five 
lamps.  Many  of  the  types  which  are  made  in  England  I  feel 
sure  are  far  from  efficient.  There  is  a  general  opinion  that  the 
loss  in  the  converter  is  necessarily  small.  This  is  by  no  means 
the  case.  A  great  deal  of  care  must  be  taken  in  the  design  to 
get  a  satisfactory  result.  I  think  there  is  a  general  idea  that  any 
of  the  converters  now  on  the  market  in  England  will  give  an 
efficiency  for  the  average  number  of  lamps  in  use  of  about  90 
to  95  per  cent.  I  should  be  much  surprised  if  there  are  more 
than  two  types  in  use  in  this  country  which  have  an  efficiency  for 
the  average  number  of  lamps  over  70  per  cent.  Yet,  so  far  as  I 
am  aware,  no  maker  in  this  country  ever  tests  the  efficiency  of 
the  converters  which  he  supplies.  The  efficiency  of  a  converter 
falls  when  it  is  under-loaded.  If  the  converter  in  a  house  is 
adax)ted  for  100  lamps,  and  only  three  or  four  lamps  are  in  use, 
then,  with  many  converters,  the  current  which  is  being  used  is 
double  or  treble  what  is  required  for  the  lamps.  This  defect  in 
some  converters  is  clearly  shown  in  the  load  diagram  (Fig.  9) 
of  the  Gxosvenor  Gallery  installation,  where  during  the  hours  of 
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minimum  supply  the  current  sent  out  from  the  station  is  seen  to 
be  abnormally  high — far  above  that  of  the  load  diagram  of  other 
central  stations — ^and  at  the  hours  from  4  to  6  a.m.  in  October 
current  sufficient  for  4,000  lamps  is  indicated  on  the  station 
meter.  This  curve  shows  a  loss  of  20  per  cent.  The  type  of 
converter  which  Westinghouse  has  perfected  is  one  of  low  magnetic 
resistance.     The  worst  ones  now  being  made  in  England  are  of 


cumicirr  output.  6R08VD«m  callery. 
Fig.  9. 
high  magnetic  resistance.  The  waste  in  a  converter,  indepen- 
dent of  magnetic  friction,  varies  as  the  square  of  the  magnetic 
resistance.*  The  waste  due  to  magnetic  friction  varies  as  the 
length  of  the  magnetic  circuit,  if  the  induction  in  the  iron  is 
the  same.  These  high  magnetic  resistance  converters  require  a 
great  deal  of  copper.  The  magnetic  friction  is  so  great  that  they 
would  probably  work  better  with  an  open  magnetic  circuit,  as 
shown  by  Lord  Eayleigh  {PhU.  Mag.y  1886). 

Slow-  and  High-Speed  Engines. 
I  need  hardly  tell  you  that  the  most  startling  diflference  1 
found  between  the  best  European  and  American  practice  is  the 

*  Bee  my  formalsB  for  converters,  Journal  of  the  Society  of  TelegraphmEngineera 
and  LUctricicms,  vol.  xvii.,  part  71,  p.  158. 


"X 


1889.]  IN  EUBOPE,  AND  THEIR  LESSONS.  103 

question  of  speed  of  revolution  of  dynamos.  In  America  1,000 
revolutions  a  minute  is  the  normal  speed  for  an  alternator  of 
250  horse-power ;  in  Rome  the  600-horse-power  dynamos  revolve 
at  125  revolutions  per  minute;  at  Berlin  the  400-hor8e-power 
dynamos  at  80  revolutions  per  minute.  In  Europe  there  is  a 
tendency  to  condemn  high  speed  as  such,  whereas  high  speed  is 
more  objectionable  only  in  the  type  of  machine  where  the  revolv- 
ing part  is  more  massive,  less  perfectly  balanced,  less  capable  of 
standing  centrifugal  strains,  and  has  a  longer  distance  between 
the  bearings.  In  every  other  point  high  speed  is  an  advantage, 
especially  in  economy  of  plant.  Now  compare  the  Zipemowski 
and  the  Westinghouse  djmamos,  choosing  of  the  former  the  one 
without  Pacinotti  teeth  on  the  armature,  as  made  by  Elwell- 
Parker.  These  two  machines  are  electrically  identical,  but  in  one 
the  armature  is  fixed,  in  the  other  the  field  magnets.  The  arma- 
ture can,  and  the  field  magnets  cannot,  be  perfectly  balanced.  The 
weights  are  not  very  diflferent.  The  armature  is  more  capable  of 
standing  centrifugal  strains  than  the  coils  of  the  field  magnets. 
For  all  these  reasons  the  Westinghouse  may  be  run  at  high  speed 
and  gain  all  the  advantages  of  economy.  Of  course  the  neces- 
sity of  introducing  belting  has  to  be  considered  in  this  case. 
But  then  turn  to  the  Parsons  alternator,  which  drives  direct,  and 
being  the  lightest,  best-balanced  machine,  with  great  capacity  of 
resisting  centrifugal  strains,  and  with  the  only  scientific  bearings 
in  the  market.  Here  we  have  a  machine  where  all  the  advan- 
tages of  high  speed  may  be  safely  acquired  and  great  economy 
introduced.  People  are  apt  to  forget  that  slow  speed  means 
large  machines  with  no  increase  of  output. 

Speed  of  Alternations. 

Now  I  come  to  a  very  important  point.  What  speed  of 
alternations  shall  we  use  ?  In  Rome  they  have  83  alternations, 
or  41  complete  periods,  per  second.  In  America  the  Westing- 
house Ciompany  have  267  alternations,  or  133  periods,  per  second. 
What  are  the  advantages  and  disadvantages,  and  why  have  these 
makers  adopted  different  plans  ?  I  will  answer  this  in  detail  to 
the  best  of  my  ability.     Firat^  Westinghouse  went  to  rapia 
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alternations  because  he 
size.     Secooul,   he   wan, 
speeds,  and  it  would 
with  high  speed.     TA, 
drive  their  machines  i ' 
they  cannot  easily  ge 
things  were  arrived  at. 

1.  With  rapid  alter 
is  diminished.  Most  \> 
A  moment *s  consideral 
that  in  most  houses  th 
number  of  lamps,  so  i 
7,500-hght  plant  convc 
price  of  these,  for  the 
many  makers)  £5,000. 
bined  (Parsons)  for  th 
will  now  see  that  th; 
anything  else.  1 

Mr.  Kapp  has  statt' 
size  does  not  vary  witl 
alike  to  experience  an(* 
informed  that  JMr.  Fe,' 
told  me  that  he  finds  1 
my  formuhe,  to  which] 

2.  There  is,  how<f 
alternations.  It  is  tl 
to  the  fact  that  the  ■ 
If  I  considered  parallel 
*^  Sacrifice  the  cost  of  c 
I  should  say,  certair 
"  alternations  to  incre; 


The  experience  of  ^ 
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f  to  cut  out  special  districts  if  a  fire  or  other  trouble  occurs. 
b  gets  over  the  trouble  of  increased  resistance  in  large 
[ictors  with  alternating  current,  dwelt  on  by  our  President 

opening  Address.  If  I  have  more  than  one  station  in  a 
I  want  one  to  assist  the  other,  I  would  do  so  by  trunk 

etween  the  stations,  to  which  a  dynamo  can  be  attached  at 
ad  and  feeders  at  the  other.     Of  course  both  stations  must 

the  same  type  of  converters;  hence  in  such  a  system  it 
do  to  use  dynamos  of  various  speeds  of  alternations  at 

ferent  stations.  I  would  certainly  prefer  parallel  working 
[ig  simpler  for  the  men  at  the  central  station,  if  no  com- 

ans  are  introduced  to  make  the  machines  work  in  j)arallel, 
[the  system  were  equally  economical,  but  I  do  not  consider 

11  essential.     I  venture  to  think,  however,  that  the  plan 

ttiversally  proposed  for  making  machines  work  in  parallel 
long  be  tolerated.     This  is  to  introduce  into  the  machine 

[amount  of  injurious  self-induction,  thus  diminishing  the 

Ifficiency  and  rendering  the  equalising  of  pressure  with 

I  loads  very  difficult.  I  have  confidence  in  the  ingenuity 
iventors,  who  will  soon  devise  a  less  objectionable  plan. 

Automatic  ok  If  and  Kegulation. 


question  now  arises  whether  the  regulation  of  potential 
e  accomplished  by  hand  or  automatically.      In  all  low- 
systems,  such  as  Berlin,  it  is  done  by  hand.    A  workman 
to  know  at  what  hours  special  attention  must  be  paid  to 
on  the  low-tension  system  with  shunt-wound  or  com- 
und  machines  the  regulation  required  is  slight.     Where 
hg  in  personal  attention  is  not  very  great  it  is  always  un- 
to trust  to  automatic  dodges.      The  case  of  altemating- 
ynamos  with  high  self-induction  is  very  different,  for  the 
ressure  then  varies  enormously  with  the  current.    Inthiv«i 
*n  such  a  machine  resembles  a  series-wound  direct-current 
ith  high  resistance.     The  changes  are  so  frequent  that 
matic  adjustment  is  necessary.     Ferranti,  Lowrie,  and 
ve  used  the  sagging  of  a  wire  to  effect  this,  and  they 
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regulate  the  pressure  at  the  dynamo,  not  at  the  centres  of  distri- 
bution, which  is  wrong.  The  apparatus  looks  too  delicate  for  an 
engine-room.  But  Granz  &  Co.  use  a  very  practical  tjrpe.  They 
also  regulate  for  the  centres  of  distribution,  which  is  right.  I 
also  prefer  the  method  used  by  Granz  &  Co.  of  regulating  the 
large  changes  by  hand,  and  only  the  small  changes  automatically. 
This  is  necessary,  owing  to  the  very  large  adjustments  necessary 
with  alternators  of  high  self-induction. 

In  conclusion,  I  feel  confident  that  all  those  who  are  working 
to  maintain  England's  supremacy  in  this  department  of  industry 
will  agree  with  me  that  the  practical  details  necessary  ior 
successful  central  station  working  must  be  thoroughly  well 
thought  out  beforehand,  and  that  much  saving  of  time  and 
money  can  be  effected  by  gathering  hints  from  those  who 
have  spent  years  of  time  and  tens  of  thousands  of  pounds  on 
these  details. 

I  frankly  admit  that  I  have  learnt  more  that  is  of  practical 
value  in  this  line  fi:x)m  the  inspection  of  actual  work  done  than 
by  reading  books. 

But  we  must  remember  that  the  low  i)rice  of  gas  in  England, 
the  cheapness  of  coal,  and  the  relative  cost  of  labour,  all  intro- 
duce special  factors  which  will  partially  differentiate  the  English 
practice  either  from  that  of  the  continent  of  Europe  or  of 
America. 

I  wish  now  that  the  last  words  of  this  paper  may  be  words  of  j 
thanks  to  the  gentlemen  in  other  countries — ^whether  in  Europe 
or  in  America — ^who  have  the  control  of  central  stations,  for  the 
courtesy  which  they  have  extended  to  me  in  my  endeavours  to 
assist,  to  the  feeble  extent  possible  to  me,  in  maintaining  the 
position  of  our  own  country  in  the  progress  of  this  new  and 
important  industry. 

The  President  :  At  this  late  hour  of  the  evening  I  am  afraidf 
we  cannot  proceed  to  discuss  the  paper  which  we  have  just  heard, 
and  must  defer  it  for  the  next  meeting,  which  will  be  held  on 
March  14th  next. 
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Mr.  W.  H.  Preece  :  IVIay  I  ask  if  in  the  meantime  the  paper 
will  be  printed  and  circulated  ? 
The  Secretary  :  Yes. 

A  ballot  for  new  members  took  place,  at  which  the  following 

were  elected : — 

Members  : 

Henry  Graham  Harris.         |    H.  Whitby  Smith. 

Assocmtes  : 
WDliam  Arthur  Britten.       |    Fiennes  Barrett  Lennard,  M.A. 

The  meeting  then  adjourned. 
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Dr.  J.  A.  rLSKXVCI^A  DESIGN  FOB  A  STAKDABD  OF 

ELECTRICAL  BESISTANCE. 

(Philosophictd  Magaxine,  Vol,  27,  p,  24,  1889.) 

The  two  cliief  points  to  be  borne  in  mind  in  designing  a  standard  of 
resistance  are  the  material  and  the  form  of  the  instrument.  Mercury,  though 
it  can  be  obtained  and  kept  in  a  state  of  purity,  is  yet,  for  many  obvious 
reasons,  rather  an'  inconvenient  substance  for  a  standard  of  resistance ;  it  is 
better  to  use  a  wire  of  platinum-silver  alloy,  the  permanence  of  which  may  be 
fairly  anticipated  from  previous  experience. 

The  ordinary  B.A.  form  of  resistance  is  too  well  known  to  need  descrip* 
tion ;  but  some  of  its  disadvantages  may  be  alluded  to.  Owing  to  its  size  and 
shape,  it  requires  some  time  for  the  wire  to  take  up  the  temperature  of  the 
liquid  in  which  it  is  immersed  j  and  the  heat  produced  by  the  passage  of  the 
current  will  not  be  easily  got  rid  of.  The  old  form  also  cannot  be  entirely 
immersed,  as  by  so  doing  the  water  will  short-circuit  the  two  stout  rods  which 
form  the  terminal  connections ;  hence  the  bottom  of  the  coil  may  be  at  one 
temperature  while  the  top  is  at  a  different  one.  If  the  resistances  are  used  at 
the  temperature  of  melting  ice,  dew  will  be  deposited  on  the  surface  of  the 
parmiBn  wax,  and  will  thus  tend  to  short-circuit  the  resistance. 

The  best  form  of  coil  will  therefore  be  one  which  permits  of  rapid 
dissipation  of  heat»  and  of  being  entirely  immersed  without  risk  of  short* 
circuiting.  The  improved  form  designed  by  the  author  consists  of  a  flat  ring, 
with  an  interior  rectangular  channel  in  which  the  8ilk*covered  wire  is  wound 
doable.  The  connections  are  by  means  of  two  stout  copper  rods  soldered  to 
the  two  ends  of  the  coil.  These  rods  rise  up  inside  two  brass  tubes,  ftom 
which  they  are  insulated  by  ebonite  rings.  The  bottom  rings  are  plain 
washers ;  the  two  top  rings  are  hollowed  out  funnel  shape :  into  these  two 
funnels  paraffin  oil  can  be  poured,  thus  effectually  preventing  any  creeping  of 
moisture.  In  constructing  such  a  coil,  the  wire  is  at  first  cut  off  a  little  too 
long  I  after  the  copper  connecting  rods  have  been  soldered  on,  the  resistance  is 
measured ;  to  reduce  it  to  the  standard,  the  silk  covering  is  removed  carefully 
at  the  bend  where  the  wire  is  doubled  on  itself  j  the  bared  loop  is  then  twisted 
together  until  exact  adjustment  is  almost  obtained;  the  twisted  coil  is  then 
totuched  with  solder,  and  the  bared  portion  is  re-insulated  with  silk. 


J.  1PABXa&— THEBMO-ELEOTBIO  PHENOMENA. 
(FhOoiophiieaX  Magazine,  Vol,  27,  J9.  72, 1889.) 
The  author  imagines  an  arrangement  of  condensers  and  wires  of  various 
metals,  which  permits  of  a  complete  reversible  cycle  of  operations  being  perf  [^ 
formed,  as  in  Oamot*s  heat-engine,  including  the  passage  of  electricity  across 
VOL.  xvm.  14 
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the  junctions  of  the  different  metals  without  producing  any  thermal  eifoet. 
From  the  consideration  of  Oamot's  principle,  and  of  equations  established  in 
a  previous  paper,  it  follows  that,  if  two  portions  of  the  same  metal,  at  different 
absolute  temperatures  t,  t^  respectively,  be  in  oontact|  and  if  Y,  Y^  be  the 
potentials  which  they  assume,  then 

Y-V^=jK(t*  -«„«), 
where  K  is  a  constant  which  has  the  same  value  for  all  metals.  In  other 
words,  the  difference  of  potential  depends  only  on  the  temperatures,  and  is  the 
same  for  all  metals.  If,  however,  unit  charge  be  made  to  cross  the  junction, 
the  heat  that  must  be  imparted  to  the  junction  to  keep  its  temperature  con- 
stant will  be  different  for  different  metals.  In  general,  if  a  thermo-electric 
circuit  be  formed  of  any  number  of  different  metals,  and  if  8  be  the  abrupt 
rise  of  potential  at  any  junction  as  we  travel  in  the  direction  of  the  current^ 
then  evidently  E  »  S  S.  If  the  junctions  be  all  at  the  same  temperature,  we 
have  2  8-0,  and  therefore  E  »  0. 


r.  QmnrCXB— ELECTBOLYSIS  OF  CUPROUS  GHLOBIDE. 
(Anndlen,  Vol.  86,  p.  270, 1889.) 

The  author  has  repeated  a  previous  experiment  of  Buff's  on  the  electrolysis 
of  cuprous  chloride.  The  salt  was  prepared  pure  by  boiling  cupric  chloride 
with  copper  filings  in  concentrated  hydro-chloric  acid ;  and  was  then,  avoiding 
as  far  as  possible  all  exposure  to  the  air,  melted  into  a  porcelain  crucible.  This 
latter  was  provided  with  a  cover  of  porcelain  or  mica,  through  which  passed 
the  two  electrodes  of  copper  wire  made  into  spirals.  The  current  from  20 
bichromate  cells  was  sent  through  a  tangent  galvanometer,  a  copper  volta- 
meter, and  a  silver  voltameter,  and  could  thus  be  accurately  determined.  It 
varied  in  different  experiments  from  about  0*6  to  0*4  ampere.  The  amount  of 
copper  electrolysed  was  found  to  be  from  one  and  a  half  to  two  and  a  half 
times  that  calculated.  The  divergencies  depend  partly  upon  the  action  of  the 
chloride  itself  on  the  copper  electrodes,  which  produces  a  decomposition  of  the 
salt  owing  to  a  spontaneous  electric  current  which  varies  very  much  both  in 
value  and  direction,  and  is  apparently  caused  by  unequal  heating  of  the  salt. 

The  author  concludes  that  cuprous  chloride  cannot  be  used  for  determin- 
ing the  electro-chemical  equivalent  of  copper;  and  the  question  of  a  double 
equivalent  for  copper,  accordingly  as  the  electrolyte  may  be  a  oupric  or 
a  cuprous  salt,  cannot  be  settled  by  its  electrolysis. 


BBLLAH  and  LUBSAHA^PASBAaE  OF  ELEGTBIO  CUBBENTS 
THBOUGH  BAD  GONTAOTB. 

{Beibimer,  Vol.  lZ,p,  21, 1889.) 
A  small  prism  of  iron  pyrites  was  placed  with  its  ends  in  two  vessels  o 
mercury,  a  current  was  passed  through^  and  then  on  inteirnption  of  the 
current  the  pyrites  was  connected  to  a  delicate  galvanometer.    The  small 
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oarroits  obeerved  could  not  be  taken  as  evidence  of  polarisation,  but  were  due 
to  thenno«electric  caiues.  By  means  of  a  quadrant  electrometer  the  fall  of 
potential  at  two  points  on  each  side  of  one  contact  was  determined,  as  well  as 
at  two  points  on  the  prism  itself.  The  resistance  of  these  latter  varied  between 
787  and  740  Siemens  units,  and  was  constant ;  while  the  resistance  at  the 
contact  increased,  and  was  greater  when  the  current  passed  from  the  pyrites 
to  the  mercury  than  when  it  passed  in  the  opposite  direction.  If  the  current 
is  kept  on,  the  resistance  gradually  increases,  while  a  reversal  of  the  current  is 
attended  by  a  decrease.  By  exerting  pressure  on  the  mercury  the  resistance 
decreases,  at  first  rapidy,  and  then  more  slowly.  If  a  copper  point  is  pressed 
against  the  pyrites  by  means  of  a  weighted  lever,  the  resistance  will  greatly 
diminish— s.y.,  from  009*9  ohms  with  25  grammes  to  97*2  ohms  with  526 
grammes.  Beplacing  the  copper  point  by  a  sewing  needle,  the  resistance  was 
so  great  that  it  could  not  be  measured.  The  direction  of  the  current  was 
always  of  importance;  a  rise  of  temperature  also  has  the  effect  of  diminishing 
the  contact  resistance. 


S.   PSBOKSBL^JSLECTBOLYBIS  BY  MEANS  OF  ALTEBNATINQ 

OUBBENTS. 

(^BeibUUer,  Vol.  18,  p.  28, 1889.) 

The  author  claims  priority  for  his  publication  of  observations  on  this 
point  over  Messrs  Maneuvrier  andChappuis  {vid»  Journal,  vol  xviii,  pp^  79,  80). 
He  remarks,  besides,  that  the  explosion  of  the  mixed  gases  is  not  alone  caused 
by  the  heating  of  the  electrodes,  as  they  assert,  but  also  that  it  may  be  noticed 
when  the  electrodes  consist  of  Wood's  fusible  metal,  which  subsequently 
showed  no  trace  of  fusion,  and  with  platinum  wire  electrodes  so  arranged  as 
to  be  capable  of  being  gradually  drawn  out  of  the  voltameter  so  as  to  present 
always  the  same  surface  to  the  gases.  Even  then,  if  the  gas  is  given  off 
violently,  so  that  the  bubbles  of  nascent  gas  form  a  layer  between  the 
electrode  and  the  electrolyte,  a  spark  will  pass  which  determines  the  explosion. 
The  same  phenomenon  may  be  noticed  with  electrodes  entirely  covered  with 
the  liquid,  and  when  continuous  currents  are  used. 


S'ABSOWAL— A  UKIVEBSAL  DEAD-BEAT  GALYAKOMETEB. 
(BuUeHn  da  la  Soeim  InUmaHonale  des  Eledricieru,  Vol,  6,  p,  6,  1889.) 
The  instrument,  which  was  specially  designed  for  physiological  researches, 
la  generally  similar  to  Wiedemann's  form  of  tangent  galvanometer;  by  an 
easy  alteration  it  can  be  made  suitable  for  ballistio  measurements. 

On  a  base  of  wood  is  fixed  a  graduated  bar,  set  on  edge.  The  base  rests 
on  three  feet,  two  of  which  are  levelling  screws,  the  line  joining  them  being 
perpendicular  to  the  bar,  so  that  the  galvanometer  oan  be  at  once  set  up  in 
position  by  placing  these  two  screws  in  the  line  of  the  magnetic  meridian. 
On  the  bar  slide  two  slotted  pieces,  each  of  which  carries  a  coil  of  wire ;  these 
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can  be  readily  ezohanged  for  otben,  aooording  to  the  nature  of  the  meamre* 
menta  to  be  made.  The  wooden  oores  on  which  the  coili  are  wound  are 
hollowed  out  on  one  Bide  into  lemi-tpherical  cavities. 

From  the  base  rise  two  columns,  right  and  left  of  the  bar,  carrying  a 
cron-pleoe  on  which  reete  the  dosed  cylindrical  box  containing  the  magnet, 
mirror,  and  damping  arrangements ;  this  case  is  capable  of  being  rotated  as  a 
whole  in  the  hole  in  the  cross-piece,  in  which  it  rests.  The  rod  carrying  the 
mirror  and  magnet  is  suspended  by  a  fibre  passing  through  a  tube  fixed  on  the 
top  of  the  box ;  the  magnet  is  at  the  lower  end  of  the  rod,  and  is  shaped  like  a 
horse-shoe.  The  rod  passes  down  through  a  tube  forming  a  prolongation  of 
the  box,  and  having  a  screw  thread  cut  on  its  lower  end,  so  that  dampers  of 
copper  and  brass,  and  of  various  forms,  may  be  screwed  on,  enclosing  the 
magnet.  The  suspension  tube  carries  a  directing  magnet ;  if  this  be  removed, 
the  instrument  becomes  a  simple  tangent  galvanometer.  The  galvanometer 
can  be  rendered  astatic  by  placing  a  second  horse-shoe  magnet  just  under  the 
mirror,  on  the  rod  carrying  the  latter  and  the  lower  magnet.  Or  the  whole 
magnetic  system  may  be  replaced  by  an  ordinary  mirror  with  small  magnets, 
as  in  Thomson's  usual  form.  The  readings  may  be  taken  either  with  a  spot 
of  light  or  with  a  telescope. 


r,     LAUU>QUS-P£BMAN£NT  CHANGES  FBODUCED  IN  COFFEB 
WIBEB  BY  THE  PASSAGE  OF  A  CUBBENT. 

{La  L%mi$r$  Electrique,  Vol.  31,  i'.1161, 1889.) 

It  has  been  noticed  since  a  long  time  that  the  continued  passage  of  a 
current  of  electricity  in  a  copper  wire  tends  to  render  it  brittle.  Dufoor 
noticed  a  decrease  of  more  than  80  per  cent,  in  the  tensile  strength  of  a  copper 
wire  which  was  traversed  by  a  current  insufficient  to  heat  it  sensibly. 
Wertheim  thought  that  he  had  found  that  the  decrease  in  the  tensile 
strength  was  only  temporary,  and  disappeared  when  the  current  was  in- 
terrupted. Edlund  and  Streintz  speak  ol  a  pennanent  elongation,  but  the 
experiments  of  filondlot  have  demonstrated  that  this  is  an  error. 

So  long  as  the  small  currents  chiefly  used  in  telegraphy  were  the  only 
ones  to  be  considered,  their  effect  on  their  conductors  was  not  of  practical 
importance  ;  but  with  the  spread  of  the  sphere  of  electricity  for  lighting  and 
transmission  of  power,  and  the  more  general  use  of  heavy  currents,  for  these 
purposes,  tbe  permanent  effects  produced  by  them  in  copper  wires  claim 
attention. 

The  breaking  of  an  old  electric  light  cable  led  the  author  to  investigate 
the  question.  A  piece  of  a  wire  used  during  twenty  years  to  convey  the 
current  to  a  lighthouse  could  be  easily  broken  up  with  a  hammer;  the  broken 
surfaces  showed  clearly  that  the  metal  had  a  granular  structure,  such  as  is 
seen  in  copper  deposited  electrolytically,  although  when  first  put  up  the  wire 
had  been  hard-drawn.  Owing  to  the  section  of  the  conductor,  it  probably 
became  somewhat  heated  by  the  passage  of  the  normal  current,  though  the 
rise  of  temperature  could  scarcely  have  exceeded  80°  or  40°. 
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It  Mems  that  the  long-oontinned  panage  of  a  camnt  of  electricity  tends 
to  bring  about  a  molecular  rearrangement,  resulting  in  a  granular  structure. 
HoreoTer,  as  far  as  experience  goes,  it  seems  to  be  immaterial  whether  the 
current  is  direct  or  alternating,  as  the  action  of  both  is  similar. 

The  secondary  of  an  induction  coil  had  become  so  brittle  from  long  use 
that  the  wire  could  not  be  unwound,  but  broke  repeatedly.  The  ratio  of  the 
resistance  of  the  old  wire  to  that  of  a  new  wire  of  similar  length  and  diameter 
was  found  to  be  as  21  to  16. 

From  his  own  experiments,  which  were  carried  out  with  spirals  and 
agzags  of  copper  strip,  the  author  concludes — 

(1.)  That  the  elongations  referred  to  are  excessively  small,  and  do  not 
follow  any  definite  law.  The  lengthenings  and  shortenings  probably  result 
from  want  of  homogeneity,  and  are  not  permanent  results  produced  by  the 
passage  of  the  current 

(2.)  That  the  changes  in  the  tensile  strength  depend  on  the  strength  of 
the  current  traversing  the  conductors,  but  the  relation  is  not  one  of  simple 
proportion ;  the  passage  of  the  current  has  more  effect  on  hard-drawn  copper 
than  on  annealed  copper ;  alternating  currents  seem  to  act  more  quickly  than 
direct  currents. 

(8.)  A  current  of  two  amperes,  especially  when  alternating,  materially 
changed  the  elasticity  of  a  copper  wire  three  mm.  in  diameter,  after  a  lapse  of 
four  years.  It  would  certainly  seem,  therefore,  that  conductors  carrying  heavy 
currents  such  as  are  used  in  electric  lighting  are  fkted  to  undergo  a  kind  of 
alow  disintegration  which  will  affect  not  only  their  tensile  strength,  but  also 
their  resistance. 


Pr.  A.  ▼.  WALTSVHOFEH— EXPEEIMENTB  WITH  THE  AGCUMU- 
LATOBS  OF  FABBAKY  AND  SCHENEK. 

(^La  Lwni^e  Eleetrique,  VoL  31,  p.  142, 1889.) 

The  cells  contained  each  seven  positive  plates  and  six  negative.  Each 
plate  weighed  21*8  kilos.,  and  had  a  surface  of  3-77  square  cm.  The  normal 
rate  of  discharge  was  20  amperes,  but  for  the  purposes  of  these  tests  the  cells 
were  pushed  far  beyond  this.  In  the  first  experiment  the  discharge  was  at 
the  rate  of  100  amperes,  and  lasted  for  100  minutes.  The  total  discharge  was 
ld5'87  ampere-hours,  or  805*02  watt-hours.  The  potential  difference  fell  from 
1-87  to  1*78  volts  per  cell.  The  cells  were  then  recharged  with  100  ampere- 
hours,  and  again  discharged  with  a  mean  current  of  100  amperes  for  nearly  an 
hour,  or  at  the  rate  of  4*7  amperes  per  kilo,  of  plates.  The  efficiency  in  ampere- 
hours  was  88*1  per  cent.,  or  in  watt-hours  77*4  per  cent.  The  decrease  of 
potential  difference  was  5*22  per  cent. ;  the  decrease  in  current  during  the  last 
ten  minutes  as  compared  with  the  first  ten  minutes  was  2*82  per  cent. 

These  satisfactory  results  induced  the  author  to  try  the  efltet  of  a 
discharge  at  the  rate  of  200  amperes  for  50  minutes,  or  9*5  amperes  per  kilo,  of 
plates.  The  decrease  in  potential  difference  was  26  per  cent.,  the  potential 
diflerenee  being  at  the  beginning  2*26  volts  per  cell,  and  1*98  volts  at  the  end. 
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The  total  diBcharge  was  106  ampere-hoarB,  181  of  which  were  obtained  before 
the  potential  difference  fell  10  per  cent. 

A  final  experiment  was  made  with  a  discharge  rate  of  270  amperes,  or 
12-83  amperes  per  kilo,  of  plates.  This  gaye  120  ampere-hoars,  with  a  falling 
off  of  potential  difference  of  80*6  per  cent. 


C.  HBZV-THE  USE  OF  AOGUMULATOBS  IN  TELEaBAPHT. 

(ElektroUchniicKe  ZHUehrift,  Vol.  10,  p.  41, 1889.) 

If  primary  batteries  are  used,  as  is  almost  exdasively  the  case,  and  there 
are  many  circoits,  their  number  becomes  enormous,  and  the  keeping  them  in 
order  becomes  very  onerous.  Dynamo  machines  have  been  tried— in  some 
cases  snccessfhlly,  in  others  not— but  there  are  several  objections  to  their  use  ; 
perhaps  the  chief  are,  that  the  engine  and  dynamo  must  be  kept  constantly 
running  day  and  night,  as  current  may  be  wanted  at  any  moment,  and  that 
the  plant  must  be  duplicated  so  as  to  provide  a  reserve  in  case  of  accidents. 

One  of  the  chief  causes  oi  accumulators  not  being  more  used  has  been 
want  of  confidence  in  their  durability;  but  this  olgection  will  fall  to  the 
ground  as  improvements  in  the  manufacture  lead  to  the  turning  out  of  more 
and  more  perfect  cells,  which  can  be  counted  upon  for  some  length  of  time. 
The  use  of  accumulators  for  telegraph  work  presents  many  advantages.  Their 
E.H.F.  of  2  volts  is  comparatively  high,  while  they  have  a  very  small 
internal  resistance;  when  at  rest,  no  energy  is  spent;  they  can  easily  be  kept 
in  order,  and  require  but  little  attention,  and  that  at  comparatively  long 
intervals  of  time. 

As  a  practical  example,  the  case  of  an  office  with  one  hundred  circuite 
may  be  taken.  The  maximum  current  on  any  one  circuit  will  be  at  most 
0-02  ampere,  and  the  highest  E.M.F.  200  volts.  One  hundred  cells  will  there- 
fore  be  wanted,  of  a  capacity  of  50  ampere-hours,  and  capable  of  standing  a 
normal  discharge  at  the  rate  of  6  amperes ;  the  internal  resistance  of  the  100 
cells  will  be  1  ohm.  If  all  the  circuits  are  working  simultaneously,  the  total 
current  required  will  be  about  2  amperes ;  and  consequently  the  E.1ILF.  will 
drop  about  2  volts. 

In  practice  two  such  batteries  would  be  provided,  to  be  connected  alter, 
nately  to  the  circuits.  From  every  fifth  ceU  wires  would  be  taken  to  the 
commutator  board,  thus  giving  a  potential  difference  of  10  volts  from  terminal 
to  terminal.  The  two  batteries  would  be  exchanged  by  means  of  a  simple 
switch  at  a  fixed  hour  dally,  or  every  two  days.  The  actual  time  during 
which  the  battery  would  be  discharging  current  during  a  working  day  of 
twenty-four  hours  would  scarcely  exceed  six  hours,  or  the  total  discharge  for 
that  time  would  be  12  ampere-hours ;  and  as  the  total  capacity  is  50  ampere- 
hours,  the  drop  in  E.MJ*.  would  be  very  small,  not  exceeding  8  per  cent, 
at  most. 

The  charging  can  be  effected  in  from  four  to  six  hours.  All  the  cells  will  not 
have  been  equally  discharged,  owing  to  the  different  demands  of  the  variooa 
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circmts;  therefore  the  charging  would  have  to  be  continued  until  all  the 
cells  gaTe  off  ga& 

IV)r  working  circuits  with  polarised  instruments  and  such  as  are 
operated  by  alternating  currents,  a  battery  of  200  accumulator  -cells  would 
be  wanted;  the  connection  between  the  100th  and  101st  cell  would  be  earthed, 
and  the  positive  and  negatiye  currents  sent  from  either  end.  Local  circuits 
could  also  be  supplied  with  current  from  the  less  used  sets  of  cells,  by  which 
means  the  discharge  would  be  more  evenly  distributed  over  the  whole  battery. 

The  author  estimates  the  first  cost  of  gas  engine,  dynamo,  cells,  Ac.,  at 
£655;  and  the  annual  maintenance,  allowing  for  interest  and  depreciation, 
at  £200.  A  primary  cell  with  an  E.M.F.  of  1  volt  and  an  internal  resistance 
of  5  ohms  gives  one-twentieth  of  a  watt;  an  accumulator  cell  when  discharged 
at  the  rate  of  1  ampere  gives  2  watts;  hence  200  accumulator  ceUs  could 
replace  200  x  2  x  20  -«  8,000  primary  eells,  or  allowing  for  the  fact  that  the 
latter  are  not  worked  up  to  their  full  power  aU  the  time,  some  S^OOO  to  6,000 
prinuury  cells 
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The  One  Hundred  and  Eighty-eighth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  March  14th,  1889 — ^Professor  W.  E.  Aybton, 
F.B.S.,  Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  28th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Executors  of  the  late 
Sir  William  Siemens;  the  Director-General  of  Telegraphs  in 
India ;  and  Sir  William  Thomson,  President ;  to  whom  a  hearty 
vote  of  thanks  was  duly  accorded. 

The  Chairman  :  The  discussion  will  now  commence  upon  the  Professor 
paper  read  to  us  at  the  last  meeting  by  Professor  G.  Forbes  on 
^  Some  Electric  Lighting  Central  Stations  in  Europe,  and  their 
**  Lessons.'^    I  will  not  delay  you  by  any  introductory  remarks,  as 
the  importance  of  the  subject  is  obvious  to  the  meeting. 

Mr.  GiSBERT  Kafp  :  I  will  not  detain  you^  for  more  than  the  Mr.  Kapp. 
ten  nunutes  allowed  to  each  speaker.    Before  entering  upon  th^  . 
YOU  xvm.  16 
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Mr.  Kapp.  paper  itself,  I  would  like  to  ask  Professor  Forbes  a  question.  In 
describing  the  Berlin  installation  he  says,  "  They  supply  36,000 
"  lamps  of  16  candle-power,  and  144  arc  lamps  of  15  amperes/* 
Later  on,  when  he  comes  to  the  question  of  cost,  he  speaks  of 
feeders  in  connection  with  the  glow  lamps,  and  says  that  the 
"  cost  of  underground  cables  has  hitherto  amounted  to  about 
"  £90,000,  half  of  this  being  spent  in  mains  and  half  in  feeders." 
I  should  like  to  ask  him  whether  this  sum  is  inclusive  of  the 
underground  arc-light  wires  or  not. 

After  reading,  and  again  reading  this  paper,  I  could  not 
escape  the  impression  that  Professor  Forbes  has  not  a  very  high 
opinion  of  central  station  engineering  as  carried  on  in  this 
country ;  and  he  charges  us  especially  with  having  neglected  to 
use  feeders.  Professor  Forbes  is  a  great  authority  on  electric 
lighting  questions,  and  therefore  it  is  important  to  clear  ourselves 
of  what  appears  to  be  an  unmerited  censure.  The  question  of 
feeders  is  one  which  has  been  considered  from  the  very  earliest 
days  when  central  station  lighting  was  thought  of.  Edison  did  it 
from  the  very  first,  and  our  first  steps  in  England  were  taken 
mainly  by  trjring  to  copy  Edison  as  closely  as  possible,  and 
everybody  saw  the  importance  of  feeders  and  adopted  them.  I 
may  mention  that  when  I  was  employed  by  Mr,  Crompton,  some 
five  or  six  years  ago,  we  worked  out  together  a  station,  the 
machinery  for  which  was  to  be  erected  at  Victoria,  and  the 
arrangement  of  feeders  entered  into  our  plans  from  the  very  first. 
We  also  designed  the  various  boxes  for  facility  of  connection  and 
testing.  There  were,  first,  feeding  boxes  ;  next,  what  were  called 
distributing  boxes,  and  a  third  kind  which  were  called  house  or 
service  boxes.  We  not  only  designed  the  station  with  the 
feeders,  but  also  made  provision  to  keep  the  pressure  at  the 
.  end  of  the  feeder  constant,  and  by  the  assistance  of  Mr.  Willans 
we  got  out  a  differential  regulator. 

The  Willans  regulator,  instead  of  being  simply  shunt-wound, 
as  it  is  when  you  want  to  regulate  the  pressure  close  to  the 
dynamo,  was  provided  with  a  diff'erential  coil.  By  that  arrange- 
ment there  was  in  the  main  coil  of  the  solenoid  of  the  regulator 
a  current  proportional  to  the  main  current  going  out,  and  in  the 
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shunt  coil  a  current  in  the  opposite  direction  which  was  propor-  **''  ^*pp- 
tional  to  the  pressure  at  the  terminals  of  the  dynamos.  This 
arrangement,  as  ererybody  knows,  will  keep  the  pressure  constant 
at  the  end  of  the  feeder,  and  it  has  been  adopted  in  various 
stations,  amongst  which  I  may  mention  Leamington ;  so  that, 
even  in  this  detail,  English  engineers  have  been  at  least  as  early 
in  the  field  as  their  foreign  colleagues.  I  am  sorry  that  Professor 
Forbes  did  not  give  us  more  details  of  the  way  in  which  feeders 
are  worked.  A  person  not  understanding  much  about  it,  or  a 
person  who  wishes  to  learn  jfrom  this  paper,  would  get  the 
impression  that  all  you  have  to  do  is  to  put  plenty  of  feeders 
in  and  all  will  be  weD.  That  is,  however,  not  so;  it  is  not 
enough  to  have  feeders,  but  you  must  also  have  some  means  by 
which  you  can  regulate  the  current  and  pressure  in  those  feeders. 
The  earliest  method  of  control  has  been  by  rheostats  in  the 
feeders,  and  here  is  a  curious  point  which  has  been  frequently 
overlooked.  It  is  not  sufficient  to  have  a  rheostat  in  the  feeder  of 
one  pair,  but  you  must  have  rheostats  in  both  the  outgoing  and 
returning  feeder.  If  you  regulate  only  one  feeder,  you  can  keep  the 
absolute  potential  at  the  end  of  that  feeder  constant,  but  not  the 
difference  of  potential  between  the  two  feeding  points.  In  this 
case  you  could  only  effect  an  equalisation  to  half  of  the  difference 
which  is  due  to  the  resistance  of  the  feeders.  To  get  perfect 
regulation  with  rheostats,  you  must  have  them  in  both  feeders, 
and  they  must  be  mechanically  coupled  in  such  a  way  that  the 
switches  of  both  rheostats  shall  act  simultaneously.  I  believe 
this  is  the  system  which  has  been  actually  adopted  at  Bradford. 
There  is,  however,  a  better  way  of  regulating  the  pressure  at  the 
feeding  points.  The  insertion  of  a  rheostat  in  the  feeder  is  a 
very  crude  device,  because  if  the  current  is  large  the  resistance 
of  the  rheostat  must  be  exceedingly  small,  as  it  is  not  expedient 
to  use  up  more  power  than  absolutely  necessary  in  the  rheostats. 
If  the  current  is  small,  the  resistance  of  the  rheostat  must  be  very 
large  indeed  to  make  a  sensible  difference,  and  for  this  reason  the 
refdbtance  coils  must  contain  a  great  deal  more  material  than 
corresponds  to  their  normal  work.  The  better  plan  is  to  insert 
some  counter  electro-motive  force  cells,  as  has  been  tried  at  Str 
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Mr.  Kapp.  Austell.  With  cells  the  regolation  is  less  gradual,  but  yon  can 
regulate  within  one  per  cent,  if  yon  work  at  100  volts  at  the 
feeding  centre.  You  can  either  rise  by  two  volts,  or  lower  by 
two,  so  that  you  have  a  margin  of  error  of  one  per  cent. ;  but  the 
system  has  the  great  advantage  that  it  does  not  use  up  any 
energy  and  is  effective  over  a  very  large  range  of  current.    With 


an  alternating  current  system  a  rheostat  has  been  used — or,  at  all 
events,  patented — ^by  Mr.  Westinghouse,  and  it  is  sufficient  in 
that  case  to  regulate  one  feeder  only.  But  regulations  can  be 
obtained  in  a  better  maimer  by  the  apT)aratus  shown  inrthe 
diagram.  -         -^Ogle 
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Lnagine  that  these  two  bars,  B,  are  the  omnibus  bars  in  a  Hr.  Kapp. 

station  from  where  all  the  feeders  start.    One  feeder,  F,  only  is 

shown,  and  this  is  shown  feeding  into  a  network  of  mains,  N,  laid 

along  the  streets  of  a  part  of  the  town  which  may  be  several 

miles  away  from  the  station.    Let  us  say  that  we  work  at  1,000 

volts.     If  we  keep  1,000  volts  at  all  times  between  the  omnibus 

bars,  and  if  the  feeders  are  simply  joined  to  them,  we  would  have 

a  drop  in  pressure  at  the  feeding  point,  C,  proportional  to  the 

current  supplied.    To  make  up  for  this  drop,  we  can  raise  the 

pressure  at  the  omnibus  bars  by  a  corresponding  amount  which 

could  be  indicated  by  a  differential  voltmeter,  and  thus  for  this 

one  feeder  we  could  get  constancy  of  pressure  in  the  limited  area 

served  by  the  network  of  mains  connected  to  it.    But  we  may 

have  some  10  or  20  feeders  going  out  from  the  station,  and  each 

giving  rise  to  a  different  drop  in  pressure.     This  will  especially  be 

the  case  if  the  station  supply    districts  of  different  character ; 

one,  let  us   say,  containing  residential  houses  and  chambers, 

another  warehouses  or  business  premises,  another  theatres,  and  so 

on.    If  we  feed  aU  these  districts  from  the  same  omnibus  bars,  it 

will  be  next  to  impossible  to  regulate  the  pressure  so  as  to  suit 

them  all.     In  the  office  district  no  light  is  required  after  7  o'clock, 

whereas  in  the  residential  district  a  maximum  of  light  is  required 

at  that  time.  Again,  in  the  residential  districts  the  supply  Mis  off 

very  much  between  8  and  10  p.m.,  whereas  the  theatres  remain 

full  on  up  to  nearly  midnight.    To  suit  these  different  cases  it  is 

necessary  to  be  able  to  adjust  the  pressure  at  the  station  end  of  the 

different  feeders  independently,which  would  either  require  the  use 

of  a  separate  machine  for  each  feeder,  or  if  they  be  worked  from 

omnibus  bars,  the  pressure  between  which  is  kept  constant,  it 

would  require  the  use  of  some  apparatus  which  will  raise  the  pressure 

at  the  station  end  of  each  feeder  independently  of  the  pressure  on 

the  omnibus  bars  and  other  feeders.     On  account  of  its  greater 

simplicity,  the  latter  plan  is  preferable,  and  it  may  be  carried  out 

by  inserting  the  secondary  coil  of  a  small  transformer  into  one 

lead  of  every  pair  of  feeders.      The  size  of   this    transformer 

depends  on  the  maximum  current  for  which  the  feeder  is  intended, 

and  on  the  most  economical  loss  in  the  feeder.    Suppose  a,%^ 
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Mr.  Kapp.  standard  pressure  of  1,000  volts  it  would  be  economical  to  make 
our  feeders  of  such  a  size  that  at  fall  current  they  would  lose  50 
volts.  The  regulating  transformer  must  in  this  case  be  so  designed 
that  it  can  add  50  volts  to  the  pressure  in  the  feeder  when  the 
full  current  flows.  The  arrangement  is  shown  in  the  sketch ;  the 
primary,  P,  of  the  transformer  is  permanently  connected  to  the 
omnibus  bars,  B ;  the  secondary,  S,  containing  only  a  few  turns  of 
stout  wire,  is  subdivided  into  sections  of  which  one  or  more  may 
be  inserted  by  means  of  a  switch,  J.  This  arrangement  is  pro- 
vided to  enable  the  attendant  at  the  station  to  vary  the  amount 
by  which  the  pressure  in  any  feeder  is  raised.  The  secondary 
may  conveniently  be  divided  into  five  sections,  each  representing  10 
volts,  so  that  the  pressure  may  be  adjusted  in  steps  of  10  volts. 
This  is  one  per  cent,  of  the  standard  pressure,  and  the  greatest 
possible  deviation  at  the  feeding  point  can  therefore  only  be  \  per 
cent. 

It  depends  upon  the  position  of  the  switch  by  how  much  the 
pressure  will  be  raised  by  the  passage  of  the  current  through  the 
transformer ;  and  in  the  only  case  in  which  I  have  as  yet  applied 
this  instrument,  the  switch  is  set  by  hand,  but  I  propose  to  work " 
it  in  fature  by  an  automatic  device  which  is  controlled  by  some 
thermo-electric  or  magneto-electric  relay,  R.  I  must  point  out 
that  the  switch  lever  is  divided  into  two  portions,  so  that  in 
passing  from  one  to  the  other  contact  the  switch  never  short- 
circuits  any  section  of  the  secondary  coil. 

The  only  other  point  that  I  should  like  to  draw  attention  to 
is  a  question  upon  which,  unfortunately,  I  find  myself  at  variance 
with  Professor  Forbes,  and  that  is  the  question  of  frequency. 
He  says  that  high  frequency  is  better  because  you  get  a  smaller 
dynamo  and  a  smaller  and  cheaper  transformer.  This  may  be 
right  in  theory,  but  if  we  look  to  actual  practice  we  find  that  it 
is  not  the  case.  Professor  Forbes,  at  the  Bath  meeting  of  the 
British  Association,  gave  a  paper  on  the  Westinghouse  system, 
and  he  gave  as  the  weight  of  a  40-light  transformer  160  lbs.,  or 
4  lbs.  per  lamp.  Now,  my  own  50-light  transformer  weighs 
200  lbs. :  that  is  also  4  lbs.  per  lamp ;  but  my  frequency  is  70,  and 
that  employed  by  Westinghouse  is  133.     You  see  that,  although 
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the  ratio  of  frequency  is  almost  1  :  2,  the  weight  of  the  transformer  Mr.  Kt^. 
is  the  same  for  both.  The  low  frequency,  Professor  Forbes  says, 
is  advantageous  for  parallel  working,  because  giving  time  for  the 
machines  to  pull  each  other  into  step.  There  I  cannot  agree  with 
him ;  the  interval  is  too  short  (the  100th  or  200th  part  of  a 
second)  for  any  single  pull  to  have  much  effect.  The  action  of 
pulling  into  step  is  due  to  the  repeated  tugs  or  pulls  which  the 
lagging  armature  receives  from  the  current,  and  may  roughly  be 
expressed  as  the  product  of  strength  of  one  individual  pull  and 
number  of  pulls  per  unit  time.  How  this  product  is  made  up  is 
immaterial,  and  therefore  I  do  not  think  that  low  frequency  gives 
us  any  advantage  for  parallel  working. 

Dr.  J.  A.  Flemixq  :  I  will  follow  Mr.  Kapp's  example,  and  be  nr. 

^'^  *^  Fleming. 

very  brief  in  the  remarks  I  make  upon  Professor  Forbes's  interest- 
ing paper. 

The  first  point  I  note  is  the  three-wire  system.  Certainly  it  is 
a  matter  of  some  surprise  that  though  this  system  was  devised 
independently  in  1883  by  Dr.  Hopkinson  in  England  and  by 
Edison  in  America,  and  that  whilst  in  America  there  are  about 
120  stations  worked  on  the  three-wire  system,  we  have  not  a  single 
one  here.  I  have  here  a  sample  of  the  three-conductor  tubing 
that  is  now  manufactured  in  the  United  States,  and  used  in  those 
stations.  It  has  not  by  any  means  been  a  simple  matter  icy" 
arrive  at  success  in  these  conductors.  Every  one  recollects,  in 
the  early  days  of  the  Paris  and  Crystal  Palace  Exhibitions, 
samples  of  Edison's  tubing :  semicircular  pieces  of  copper  rod 
were  drawn  into  iron  tubing  and  filled  with  bitumen  insulation. 
At  first  the  practice  was  to  simply  separate  the  copper  strips  with 
pasteboard  distance  pieces,  and  the  whole  put  into  cast-iron  gas 
piping,  into  which  the  insulation  was  poured.  The  difficulties 
that  then  occurred  in  the  use  of  those  conductors  were  these :  the 
copper  rods  very  often  were  strained,  and  the  bituminous  insula- 
tion was  squeezed  out  from  between  them,  and  the  pasteboard 
distance  pieces  did  not  keep  the  conductors  apart  satisfactorily. 
More  than  that,  the  iron  gas-pipe  tubing  was  not  sufficiently 
strong  to  withstand  hard  usage,  and  especially  not  strong  enough 
to  withstand  the  active  attacks  of  the  pickaxes  of  road  repairers. 
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n^'min  ^^^  ^^  S^^  damaged,  and  trouble  ensued.  But  now  the  process  is 
somewhat  as  follows : — ^The  copper  rods  are  respectively  spun  over 
throughout  the  whole  of  their  length  with  dry  string  to  separate 
them ;  the  copper  rods  are  then  placed  centrally  in  their  proper 
position  in  the  interior  of  stout  steel  tulnng ;  a  vacuum  is  made  in 
the  tube,  and  the  insulating  material  is  drawn  in,  and  it  pene- 
trates into  every  portion.  A  difficulty  which  appears  in  the  use 
of  an  extended  system  of  this  kind  is  the  result  of  the  stresses 
that  are  brought  to  bear  on  different  parts  of  the  conductor  net- 
work buried  in  the  roadway,  owing  to  the  different  pressures  that 
come  upon  the  roadways  at  different  times,  causing  severance  of 
the  connection  with  the  junction  boxes.  In  order  to  render  the 
network  of  conductors  more  flexible,  and  in  some  way  or  other  to 
make  it  give  and  take  under  the  roadway,  a  system  of  ball-and- 
socket  joints  was  devised  by  which  the  ends  of  the  tubing  were 
connected  to  the  junction  boxes  by  a  kind  of  flexible  junction, 
perfectly  watertight,  but,  nevertheless,  allowing  a  certain  amount 
of  elasticity  in  the  network,  which  could  thereby  accommodate 
itself  to  slight  changes  of  the  level  in  the  roadway. 

With  regard  to  the  subject  of  feeders.  As  Mr.  Eapp  has 
said,  the  feeder  system  is  very  old  indeed.  Edison  took  out  his 
first  patent  for  feeders  in  the  early  part  of  1880,  and  it  was  at 
once  applied  in  the  first  district  station  laid  down  in  New  York. 
I  know  that  Edison  attached  very  great  importance  to  that,  even 
in  the  early  days.  With  regard  to  the  use  of  these  feeders,  and 
the  manner  in  which  they  were  used  to  control  the  potential  in 
the  different  parts  of  the  network,  in  1883,  in  the  New  York  first 
district  station,  the  method  employed  was  as  follows: — A  pair 
of  small  wires  was  run  back  firom  the  ends  of  the  feeders, 
where  the  feeders  dipped  into  the  network,  to  the  central 
station,  to  enable  them  to  at  all  times  test  the  potential;  and 
if  they  found  that  it  was  too  high,  a  feeder  leading  to  that 
point  was  disconnected,  and  they  were  thus  enabled  to  keep 
the  potential  constant.  I  am  not  aware  what  at  the  present 
time  is  the  method  adopted  in  this  central  station,  but  perhaps 
we  shall  obtain  information  on  the  point  in  the  course  of  this 

—  discussion.  Jgltized  by  LjOOQ IC 
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With  regard  to  the  very  important  question  of  the  per-^'-  . 
manence  of  the  insulation,  I  think  there  can  be  no  doubt  that 
whilst  our  experience  has  been  extensive  on  the  insulation  of 
continuous  currents,  there  is  a  great  deal  of  experience  which 
will  have  to  be  bought  expensively  upon  the  insulation  employed 
in  dealing  with  high  potentials  on  the  alternating  system.  When 
we  consider  that  electric  excited  energy  is  conveyed,  not  along  a 
conductor  at  all,  but  along  a  dielectric,  I  think  it  becomes  a  very 
important  question  to  discover  whether  the  insulators  are  of  a 
class  that  will  stand  reversed  electrical  stresses  many  times  a 
second  for  years ;  and  if  the  dielectrics  now  used  will  not  stand 
that,  then  I  think  the  sooner  our  attention  is  turned  to  others 
the  better. 

With  regard  to  the  point  raised  by  Professor  Forbes  on  the 
waste  of  the  primary  current  running  through  the  converters.  I 
think  he  has  mentioned  the  case  of  the  Orosvenor  Chdlery 
installation,  where  during  the  hours  of  minimum  supply  the 
current  sent  out  from  the  station  is  said  to  be  abnormally  high  ; 
but  it  would  be  necessary  to  find  out  whether  that  current 
measurement  is  correct.  Of  course,  if  it  is  the  fact  that  it  is  so, 
then  what  it  indicates,  I  think,  is  that  the  converters  are  starved 
of  iron  [Professor  Forbes  :  ^^  Hear,  hear "],  and  an  economy  has 
been  perpetrated  in  the  wrong  direction. 

I  think  those  are  the  chief  points  upon  which  it  occurs  to  me 
to  remark.  I  would  say  that  I  have  read  the  paper  with  great 
interest,  and  I  am  sure  there  is  a  large  amount  of  information 
gathered  together  in  it,  which  will  help  all  who  are  endeavouring 
to  solve  this  problem  of  the  distribution  of  electricity. 

Mr.  J.  SwiNBUBlOS :  The  first  thing  that  strikes  one  in  Professor  Mr. 

SwinbUTDOit 

Forbes's  veiy  able  and  interesting  paper  is  that  a  large  proportion 
of  his  conclusions  will  not  be  applicable  to  English  electric 
lighting.  Abroad,  distribution  by  alternating  currents  is  carried 
out  with  a  transformer  in  every  house.  In  this  country  it  is  much 
more  likely  that  a  large  transformer  will  be  used  for  each  blo9k  of 
buildings.  Each  will  then  have  its  own  leads  from  the  station,  so 
that  the  pressure  on  the  lamps  of  each  block  can  be  maintained 
constant.  We  start,  unfortunately,  late  in  the  day,  but,  fortu- 
nately, with  more  modem  ideas. 
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swinbarne.  ProfcssoF  Forbcs  over-estiiiiates  the  difficulties  in  coupling 
direct-current  machines  in  parallel.  All  that  is  needed,  when 
throwing  a  dynamo  into  circuit,  is  to  regulate  either  its  speed  or 
its  excitation  till  it  gives  the  right,  or  nearly  the  right,  pressure, 
and  then  to  swit<;h  it  in.  The  engine  is  regulated  for  load,  and 
the  excitation  for  speed.  As  a  shunt,  or  separately  excited, 
dynamo  runs  in  the  same  direction  when  a  motor,  there  is  no 
accident,  even  if  the  pressure  is  a  little  too  high  or  too  low,  on 
switching  on.  The  complications  described  in  the  paper  are  really 
unnecessary. 

The  difference  in  German  design  of  large  machines  may 
perhaps  be  due  to  labour  being  cheaper  there  in  proportion  to 
material.  The  fewer  poles  the  better  in  a  dynamo.  A  large 
machine  cannot  be  made  to  work  with  less  than  a  certain  number, 
but  it  is  best  to  keep  this  number  as  small  as  possible.  It  is 
satisfactory  to  find  Professor  Forbes  against  slow-speed  dynamos. 
I  have  always  advocated  a  moderately  high  speed,  as  it  makes  a 
machine  more  efficient,  less  liable  to  break  down,  easier  to 
construct,  and  cheaper. 

Compounding  governors  and  voltmeters  for  loss  in  leads  is 
quite  well  known  in  this  country,  and  I  think  originated  here. 

We  cannot  assume  broad  general  rules  for  the  design  or 
efficiency  of  transformers.  They  have  to  be  worked  out  specially 
for  each  alternation  frequency.  A  transformer,  curiously  enough, 
is  not  like  a  dynamo,  in  that  you  can  approximately  calculate  the 
absolutely  best  form.  The  equations  are  very  long  and  tedious  to 
work  out,  but  are  not  difficult.  The  transformers  at  present  in 
the  market  are,  I  believe,  designed  at  random:  a  skeleton  is 
taken  and  an  induction  assumed,  and  the  necessary  wire  wound 
on.  There  is  thus  room  for  considerable  improvement  in  the 
design.  The  main  question  in  design  is  generally  overlooked — 
that  is,  not  the  efficiency  of  the  transformer  as  a  converter,  but 
the  variation  of  secondary  pressure  with  varying  load,  and  constant 
primary  pressure.  The  88  per  cent,  efficiency  transformers  men* 
tioned  in  the  paper  would  cause  an  enormous  variation  in  the 
efficiency  of  the  lamps  on  the  secondaries,  and  it  is  light  that 
people  pay  for.    This  fault  cannot  be  corrected  by  any  systems  of 
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feeders  or  of  pilot  voltmeter  leads,  if  several  transformers  are  in  gj^^^^^ 
parallel  on  each  circuit.    The  transformers  in  such  cases  ought  to 
be  specially  designed  for  as  nearly  constant  secondary  pressure  as 
practicable. 

I  notice  a  slip  where  Professor  Forbes  says  that  some  trans- 
formers would  be  more  efficient  if  the  iron  circuit  were  open.  As 
I  fell  into  the  same  error  myself,  I  may  point  out  that  the  waste 

energy  is  / 1  dH,  and  is  independent  of  the  source  of  the 

magnetic  force ;  the  demagnetising  action  of  the  ends  does  not 
lessen  the  energy  wasted. 

Professor  Forbes  seems  to  me  to  exaggerate  the  difficulties  in 
running  large  alternators  in  parallel.  I  explained  a  simple 
^'  induction  coupler  "  to  this  Society  a  few  months  ago. 

Though  I  much  prefer  small  frequency  of  alternation,  as  it 
makes  the  machine  easier  to  make,  better,  and  cheaper,  I  do  not 
see  why,  other  things  being  equal,  a  low  frequency  makes  it  easier 
to  couple  machines  in  parallel.  It  seems  to  be  a  question  of  the 
relation  of  self-induction  to  output,  &c.  The  question  of  settling 
upon  a  uniform  alternation  frequency  in  this  country  is  one  of 
enormous  importance,  but  it  is  too  early  to  discuss  it,  as  with  our 
present  knowledge  we  might  easily  tie  ourselves  down  to  a  wrong 
frequency. 

Mr.  F.  V.  Andebsen  :  Allow  me  to  make  a  few  remarks  on  the  Mr. 
general  question  of  low-potential  distribution.  Professor  Forbes 
says  that  he  does  not  think  that  it  pays  in  England  to  use  this 
system  for  more  than  a  district  with  a  radius  of  400  yards. 
If  this  is  the  case,  then  the  system  of  feeders  needs  not  to  be 
very  complicated,  or  it  will  not  be  necessary  to  go  to  feeders  with 
very  different  lengths,  or  to  have  rheostats  in  some  of  them. 
200  yards  will  be  about  the  maximum  distance  it  will  be  necessary 
to  carry  the  appliances  for  distribution  into  the  houses.  Suppose 
we  have  a  district  which  has  a  radius  of  400  yards ;  the  mains — 
which  are  the  two  strong  black  lines  in  Mr.  Kapp's  diagram^ 
may  be  laid  in  the  form  of  a  ring  which  surrounds  the  station. 
The  station  will  very  often  come  within  the  district,  and  some- 
times near  the  centre  of  the  district.    In  that  case,  if  a  set  of 


222  SOME  ELECTRIC  LIGHTING,   £ic.  [March  I4th, 

Mr.  mains  are  run  at  a  distance  £rom  the  station  of  about  200  yards, 

AnderseiL  **  ' 

with  branches  like  those  shown  on  the  diagram,  into  the  streets, 
none  of  these  branches  will  be  much  more  than  200  yards  long, 
and  in  that  case  a  current-density  of  600  amperes  to  the  square 
inch  will,  on  the  three-wire  system,  only  give  3  volts  fall  of 
potential;  the  feeders  may  have  the  same  length,  and  all  the 
dynamos  be  run  in  parallel.  This  system  of  using  all  the 
machines  in  parallel  is,  I  understand,  the  one  adopted  in  Berlin, 
and  one  can  very  readily  understand  the  great  advantages  that 
they  have  found  to  lie  in  this  simple  form  of  distribution.  Of 
course  it  only  holds  for  a  limited  area. 

I  am  surprised  to  see  that  Professor  Forbes  against  this 
system  puts  his  own  idea  of  having  dynamos  in  various  groups, 
and,  sometimes,  when  the  load  is  small,  to  run  a  few  dynamos 
and  have  all  the  feeders  on  the  one  or  two  dynamos  which  are 
running,  and  change  them  into  more  groups  as  the  load  increases ; 
because  it  is  a  complication,  and  at  times,  such  as  on  foggy  days, 
it  will  be  very  troublesome  to  change  from  one  system  to  another. 
Professor  Forbes  mentions  1,000  amperes  as  the  efl&cient  density 
of  current,  but  I  think  that  it  is  not  very  difficult  now  to  work 
out  what  the  density  should  be  according  to  Sir  William  Thomson's 
law.  For  Berlin  load  diagrams  have  been  worked  out,  and  pub- 
lished in  excellent  papers,  for  all  hours  of  the  day  all  the  year 
round,  and  it  is  quite  possible  from  these  to  solve  the  question  of 
what  should  be  the  density  in  a  system  like  this.  I  think  that, 
with  the  present  price  of  copper  and  coal,  and  the  rate  at  which 
electricity  can  be  produced,  something  like  600  to  700  amperes 
will  be  found  to  be  an  economical  density. 

As  to  the  question  of  pilot  wires.  Professor  Forbes  indicates 
that  they  are  generally  attached  in  the  wrong  place,  and  that  a 
great  improvement  can  be  obtained  by  putting  them  in  the  right 
place,  which  he  says  is  midway  between  the  feeding  centres  and 
the  furthest  lamp.  I  do  not  think  that  this  can  be  right.  From 
the  one  feeding  centre  on  the  mains  to  the  other  we  shall  have  a 
very  small  fall  of  potential  indeed,  and  therefore  shifting  the 
pilot  wires  along  the  mains  has  hardly  any  effect  at  all.  But  to 
go  to  the  centre  between  the  furthest  lamp  and  the  feedin^r 
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centre  is  a  different  thing,  because  it  would  mean  to  connect  Mr. 

Andersen. 

them  to  a  branch,  and  this  would  not  lead  to  a  proper  regulation 
of  the  district.  They  will  have  to  go  to  the  points  carrying  the 
maximum  load,  i.e.,  to  points  near  the  feeding  centres. 

There  are  some  questions  as  to  the  average  voltage.  We 
find  in  the  paper  that  "  4  volts  may  be  allowed  up  and  down,"  and 
I  cannot  understand  this  in  any  other  way  than  that  average 
voltages  are  supposed  to  be  used ;  for,  if  you  can  allow  4  volts 
fall,  you  certainly  cannot  aUow  4  volts  in  one  direction. 

Now  Dr.  Fleming  said  he  thought  there  was  only  one  proper 
solution  to  the  question,  and  that  was  to  use  the  same  voltage  all 
through.  I  differ  entirely  from  that  view.  As  a  rule,  when  we 
make  an  installation  with  a  compound  dynamo  in  a  house,  we 
compound  the  machine  so  that  it  shall  give  a  volt  more  when  the 
full  load  is  on  than  it  gives  when  there  is  a  minimum  load.  That 
gives  an  ideal  regulation  in  such  a  case ;  but  in  case  of  distribution 
from  a  central  station,  if  a  constant  potential  is  kept  on  the  mains 
(which  is  the  best  we  can  do),  then  regulation  must  be  obtained  in 
some  other  way ;  and  the  best  result  will  be  obtained  by  using 
average  voltages.  It  may  be  quite  possible  to  allow,  at  least  at  full 
load,  4  volts  &11  into  the  branches.  But  that  installation  which 
is  close  on  the  main  has  only  a  very  small  variation,  say  '5  volt, 
which  is  due  to  the  fall  inside  the  house,  while  in  the  branches 
there  will  be  a  fall  up  to  4  volts ;  therefore,  if  it  be  right  to  give 
100-volt  lamps  to  the  houses  near  the  main,  then  we  should  give 
lamps  for  98  volts  to  the  furthest  houses  on  the  branch,  if  the  fall 
from  the  Tna-TinrnTn  density  amounts  to  4  volts.  The  fall  of 
potential  depends  upon  distance  and  density  of  current,  and 
nothing  else,  and  all  branches  when  laid  down  are  designed  to 
only  go  up  to  a  certain  density  of  current  with  the  full  load ;  and 
since  neither  this  nor  the  distance  can  change,  we  can  tell  exactly 
the  fall  of  potentials  with  which  we  have  to  deal.  There  can 
therefore  be  no  objection  to  vary  the  volts  by  one  or  two.  It  is , 
difficult  to  see  how  Professor  Forbes  can  report  that  it  leads  to 
disastrous  confusion,  since  it  is  only  a  question  of  a  volt  or  two, 
and  it  certainly  is  a  step  towards  perfection  to  use  average  t 
potentials.    Of  course  the  voltage  cannot  vary,  as  Professor  Forbes^ 
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Mr.  says,  in  the  way  that  houses  requiring  100  volts  one  day  should 

require  99  the  next.  This  can  only  happen  if  the  houses  are 
moved  up  or  down  along  the  branches. 

siLienB.  ^*  Alexander  Siemens  :  My  remarks  will  refer  to  one  only 

of  the  various  subjects  that  Professor  Forbes  brought  before  us 
in  such  a  very  interesting. and  admirable  manner  at  the  last 
meeting — that  is,  to  the  insulation  of  the  Berlin  cables.  These 
cables  consist  of  a  copper  conductor  surrounded  by  jute,  which  is 
impregnated  with  a  compound  and  then  enclosed  in  a  lead  tube. 
The  lead  tube  is  further  protected  by  a  covering  of  jute  and 
compound,  and  then  by  an  iron  armature,  to  screen  it  against 
mechanical  injury;  and  that,  again,  is  wrapped  round  with  jute 
and  compound  to  protect  it  against  rusting.  Professor  Forbes 
told  us  last  meeting  that  cables  constructed  in  this  manner  will 
certainly  break  down  after  about  three  years'  use,  and  the 
explanation  given  him  in  Berlin  was  that  a  galvanic  action  was 
set  up  between  the  iron  armour  of  the  cables  and  the  lead. 
Now  this  subject  is  very  important,  because  those  cables  were 
designed  to  meet  a  great  want  for  underground  conductors. 
You  are,  of  course,  all  aware  that  gutta-percha  and  india-rubber 
are  the  principal  insulators  for  cable  work ;  but  gutta-percha  for 
electric  light  wires  is  not  at  all  suitable,  because,  whatever  you 
may  do,  the  electric  light  wires  are  occasionally  over-heated,  and 
that  would  make  the  copper  conductor  sink  through  the  gutta- 
percha and  touch  the  lead ;  so  that  gutta-percha,  which  would 
otherwise  be  the  best,  is  out  of  the  question.  India-rubber  is 
rather  expensive,  and  there  is  at  least  a  little  doubt  whether  it 
will  remain  permanent.  Therefore  a  good  many  experiments  were 
made,  and  the  insulation  just  described  was  settled  upon  as 
being  the  most  suitable  for  these  sort  of  wires.  Knowing  that 
Professor  Forbes  had  been  not  long  ago  in  Berlin,  and  that  he 
obtained  his  introduction  to  the  Allgemeine  Elektricitats  Gesell- 
schaft  through  Dr.  Werner  v.  Siemens,  I  thought,  when  I  heard 
this  unfavourable  account,  that  it  had  been  verified  by  referring 
to  Messrs.  Siemens  &  Halske,  but  I  find  that  such  was  not  the 
case.  The  reasons  why  Professor  Forbes  was  supplied  with 
inaccurate  data  I  do  not  know,  but  it  is  certain  that  this  general 
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breakdown  has  not  taken  place.    The  history  of  these  cables  is  Mr. 

^  ''  Siemens. 

that  in  1882  abont  7  kilometres  of  them  were  laid  for  the  arc 
light  circuits  in  the  Leipziger  Strasse.    These  cables  were  not 
armoured  with  iron  at  first.     In  1885  the  installation  of  the 
central  station  began,  and  at  the  same  time  about  half  of  these 
nnarmoured  cables  were  exchanged  for  iron-armoured  cables ;  and 
in  1886,  1887,  and  1888  more  cables  were  laid.     142  kilometres 
of  these  cables  are  at  the  present  time  underground  in  Berlin, 
and  up  to  August,  1888,  no  interruption  whatever  occurred  in 
this  extended  cable  system.    About  this  time  the  three  separate 
stations  shown  on  the  diagram  were  imited  on  a  plan  which 
had  been  designed  by  the  Allgemeine  Elektricitats  Gesellschaft, 
against  the  advice  of  Messrs.  Siemens  &  Halske,  because  a 
testing  of  the  cable  system  was  made  highly  inconvenient — 
one  could  almost  say  impossible.    Then,  between  August,  1888, 
and   the  beginning  of  November  of  that  year,  four  different 
places  in  the  system  were  found  faulty.     Altogether  thirty- 
five  cables  are  passing  these  four  places,  and  of  these  only 
eight   had   to  be  partly   exchanged   in    order    to    repair    the 
damage  done.     One  of  the  eight  was  pierced  by  a  pickaxe; 
another  was  making  earth  by  one  of  the  screws  in  the  coupling 
being  badly  fitted  in  and  touching  the  iron  of  the  jointer ;   a 
third  became  also  &ulty  through  careless  fitting;  and  in  the 
other  cases  the  cables  were  so  badly  burned  that  it  was  not 
possible  to  find  out  afterwards  what  was  really  the  first  cause  of 
the  fault.      Messrs.  Siemens  &  Halske  are  strongly  of  opinion 
that  in  each  case  the  mischief  was  started  by  some  mechanical 
injury  to  the  cable,  and  not  a  galvanic  action  as  suggested  to 
Professor  Forbes.     Another  circumstance  is  that  it  was  not  the 
cables  which  were  laid  in  1885  which  went  wrong,  but  those  which 
were  laid  in  1887  and  1888.    This  shows  that  the  statements  were 
made  to  Professor  Forbes  rather  recklessly,  and  I  regret  his 
having  pat  to  us  in  such  a  very  definite  manner  that  the  life  of 
these  cables  was  only  three  years,  when  none  of  the  three-year- 
old  cables  had  become  faulty. 

This  oorroaion    of   the  armour   covering  which   has  ^been 
observed,  and  which  has  been  shown  to  Professor  Fori 


LOB    Ajnonu,      T 

rbes,  and  ^ 
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Ut^ also  to  Mr.  Grompton,  I  think^  has  only  taken  place  in  cables 

which  were  electrically  at  fault;  the  other  cables  which  were 
lying  immediately  alongside  of  the  damaged  cables  were  not 
touched  at  all,  although  they  were  exactly  under  the  same 
conditions.  Then  another  matter  which  Professor  Forbes  seems 
to  have  overlooked  is  that  the  mere  juxtaposition  of  iron  and 
lead,  with  jute  between,  would  not  give  rise  to  any  current  at  all. 
It  can  only  give  rise  to  a  current  if  there  is  metallic  connection 
elsewhere  between  the  iron  and  the  lead ;  and  even  if  this,  by 
some  accident,  had  been  effected,  then  the  i/ron  would  be  eaten 
into  and  corroded,  but  not  the  lead.  There  was,  I  believe,  a  good 
deal  of  firiction  between  the  AUgemeine  Elektricitats  Gresellschaft 
and  Messrs.  Siemens  &  Halske  about  these  fitults  being  dis- 
covered; and  as  a  matter  of  precaution  a  good  many  other  places — 
I  think  about  forty  places— of  the  cable  system  were  opened  to 
ascertain  the  condition  of  the  cables,  an  electrical  test  being 
impossible  on  account  of  the  peculiar  arrangement  of  the  whole 
system.  In  all  those  cases  the  cables  were  found  to  be  in  perfect 
condition,  only  in  several  places  it  was  found  that  the  cables  had 
been  heated  to  such  an  extent  that  the  external  compound  of 
asphalte  had  been  melted  together  with  the  surrounding  earth, 
without  injury  to  the  insulation :  that  is  about  the  hardest  trial 
which  the  insulation  of  a  cable  could  be  subjected  to ;  and  it  is 
also  a  fact  that  these  cables  have,  since  November,  1888,  given 
no  trouble  whatever  after  the  faults  were  cut  out  by  replacing 
about  250  yards  out  of  144,000  yards.  On  referring  to  Mr. 
Bathenau — the  same  gentleman  who  gave  Professor  Forbes  that 
unfavourable  opinion-*he  confirmed  that  the  cable  system  is  in 
perfect  order  at  the  present  date,  that  there  is  nothing  the 
matter  with  it  whatever,  and  that  the  whole  trouble  was  simply 
in  those  four  places  of  which  I  have  spoken. 

I  have  thought  it  right  to  go  so  much  into  detail  about  this 
point  because  a  reliable  insulation  for  underground  electric  light 
wires  is  very  much  desired,  and  it  would  be  a  pity  if  this 
insulation  were  condemned  on  such  very  slender  grounds. 

In  addition,  I  will  only  remind  you  that  Professor  Forbes  has 
told  us  himself  that  in  Milan  and  in  Home  these  cables  have 
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fnven  perfect  satisfaction,  and  that  in  Borne  concentric  cables  of  Mr. 

o  ^  '  Siemen*. 

this  constmction  have  been  in  use  with  5,000  volts  of  alternating 
currents  for  two  years.  So  that  I  really  think  there  must  have 
been  some  other  reasons  than  real  failure  which  have  prompted 
the  adverse  opinion  which  Professor  Forbes  has  brought  over 
to  us. 

The  Chairman:    As    Mr.  Shoolbred    is    interested    in    the  Professor 

Ayrton. 

Bradford  installation,  perhaps  he  can  tell  us  why  the  three-wire 
system,  which  is  so  common  in  the  United  States,  was  not 
used  there  ? 

Mr.  J.  N.  Shoolbbed:  Amongst  the  many  and  important  Mr. 
points  of  this  interesting  and  instructive  paper  the  one  that  pa!rti- 
cularly  strikes  my  attention  is  that  which  has  already  been  dwelt 
upon  at  some  length  by  Mr.  Alexander  Siemens ;  viz.,  the  whole- 
sale condemnation  of  lead-covered  cables  for  underground  work 
which  is  contained  in  it.  Professor  Forbes  uses  strong  language 
with  regard  to  lead-covered  cables,  and  condemns  not  only  those 
used  at  Berlin,  but  also  those  of  other  makers,  and  which  are 
largely  used  in  America  and  in  Europe.  I  myself  would  be 
glad  if  he  would,  in  his  reply,  give  us  some  evidence,  and  further 
information  on  the  point.  Probably  during  the  discussion  some- 
thing may  be  forthcoming  from  the  makers.  Indeed,  while 
making  so  sweeping  a  charge,  and  one  which  is  most  impor- 
tant in  the  present  stage  of  electric  lighting,  I  certainly  think 
that  Professor  Forbes  should  have  adduced  some  reasons,  and  also 
some  fdctSy  when  stating  that  he  regretted  "  to  have  to  tell  us 
*^  that  this  insulation  has  been  a  failure." 

With  regard  to  the  question  which  the  Chairman  asked  just 
now  about  the  Bradford  installation.  I  have  carefully  avoided 
any  allusion  to  it  because  I  think  it  is  hardly  fstir,  either  in  that 
or  in  any  other  installation  which  is  in  process  of  construction,  to 
refer  specially  to  it  until  after  it  has  been  completed. 

Bespecting  the  inquiry,  as  to  why  the  three-wire  system  was  not 
adopted  at  Bradford,  l^e  impression  generally  seems  to  be  that 
the  Bradford  installation  is  intended  to  be  only  a  low-pressure 
one.  It  is  ultimately  intended  to  be  a  high-pressure  installation, 
to  be  extended  to  long  distances.  The  portion  of  the  installation 
VOL.  xvm.  17 
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Mr.  now  under  constmction  is  small  in  proportion  to  what  may  be 

ultimately  carried  out.  Besides,  in  the  present  stage  of  electrical 
information  it  seems  pretty  generally  conceded  that,  for  high 
pressure,  probably  a  two-wire  system  would  be  more  convenient 
than  a  three-wire  one. 

The  merits  of  the  three-wire  system  were  very  carefully  con- 
sidered, not  merely  by  myself,  but  also  by  the  Electricity  Supply 
Committee  of  the  Corporation.  But,  after  personal  consultation 
with  Dr.  Hopkinson,  they  decided  not  to  adopt  the  three-wire 
system — at  present  at  least — as  any  economy  in  the  cables, 
arising  from  its  adoption  at  that  early  stage,  would  have  been 
more  than  counterbalanced  by  the  cost  of  the  increased  number 
of  smaller  dynamos  which  their  series  arrangement,  in  pairs, 
would  have  entailed* 

Furthermore,  the  three-wire  arrangement  in  the  streets  might 
lead  to  complications  in  premises  where  the  proprietors  preferred 
the  two-wire  system.  Again,  the  facility  afforded  by  the  three- 
wire  system  for  doubling  the  E.M.F*  (which  has  already  been 
referred  to  during  this  discussion,  and  as  an  advantage)  would, 
most  probably,  have  led  to  difficulties  with  the  Board  of  Trade, 
owing  to  the  limiting  E.M.F.  for  houses  having  thereby  been 
exceeded. 

There  is  nothing,  however,  in  the  Bradford  installation,  as  at 
present  being  laid  down,  to  prevent,  if  thought  advisable,  the 
adoption  of  the  three-wire  system  at  a  future  time. 
Mr.  Mr.  Mark  Bobinson  :  In  showing  us  the  excellent  work  which 

Robinson.  *^ 

has  been  done  abroad.  Professor  Forbes  was  careful  to  express  a 
belief  that  Englishmen  would  in  due  time  do  work  no  less  suc- 
cessful. I  think  he  is  right ;  and  in  one  small  branch  of  the 
subject,  on  which  alone  I  feel  able  to  say  anything,  I  can  give 
some  reasons  for  endorsing  his  hopes.  Professor  Forbes  laid 
stress,  very  justly,  upon  the  question  of  economy  in  the  motor. 
Whatever  may  be  said  about  the  first  cost  of  apparatus,  and 
about  the  cost  of  working,  in  the  long  run  the  main  point  to 
keep  in  view  in  electric  lighting  is  the  coal  bill ;  the  more  elec- 
tricity can  be  got  out  of  a  ton  of  coal,  the  larger,  if  other  things 
are  equal,  the  dividend  will  be.    Special  reference  has  been  made 
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to  the  very  fine   400-H.P.  Corliss  condensing  engine  in  thogjy,^n 
central  station  at  Berlin,  and  it  has  been  mentioned  that  it  gave 
an  electrical  horse-power  for  15*5  lbs.  of  water  evaporated*    When 
the  paper  was  read  I  was  under  the  impression  that  Professor 
Forbes  spoke  of  i/nddcated  horse-power;  and  as  15  lbs.  per  LH.P. 
is  considered  good  work  for  a  large  compound  Corliss  engine  in 
this  country,  the  mistake  was  not  unnatural*    But  it  appears  that 
15*5  lbs.  was  given  to  Professor  Forbes  as  the  consumption  per 
electrical  horse-power — a  marvellous  result,  because  it  appears  to 
point  either  to  a  consumption  below  13  U>8.  per  LH.P.  in  the  engine, 
or  else  to  a  quite  phenomenal  efficiency  in  the  dynamo.   One  cannot 
but  wish  for  detailed  figures  of  such  tests  as  these,  and  for  fcdler 
particulars  generally.    Certainly  we  cannot  match  such  figures  in 
England  yet ;  but  figures  can  be  given,  as  to  which  no  doubt  exists, 
which  are  at  least  of  happy  augury  for  our  progress  in  the  future* 
I  have  seen  an  English  condensing  engine  giving  an  indicated 
horse-power  upon  15*1  lbs.  of  water.    Like  the  Berlin  engine,  it  was 
direct  driving ;  and  it  was  coupled  to  a  Crompton  dynamo.    The 
differences  were  these:  it  was  not  a  large  engine,  indicating  400 
horse-power,  but  a  very  small  engine,  indicating  only  40  horse- 
power ;  it  was  not  running  at  only  80  revolutions,  but  at  400 ;  it  was 
not,  like  the  Berlin  engine,  designed  as  a  condensing  engine,  but 
expressly  for  non-condensing  work.    Had  it  had  the  same  advan- 
tages of  size  and  of  special  adaptation,  it  seems  not  an  unreason- 
able belief  that  its  consumption  of  water  might  have  rivalled  that 
of  the  Berlin  engine.    Considering  how  much  is  gained  in  point 
of  first  cost  by  the  much  higher  speed  of  the  English  engine,  it 
will  probably  be  conceded  that,  even  as  it  stands,  its  record  is  a 
good  one  to  show  for  English  work;  and  as  English  engineers 
engaged  in  other  branches  of  electrical  work,  such  as  dynamo- 
making,  have  no  doubt  relatively  quite  as  good  results  to  show, 
it  is  clear  that  Professor  Forbes's  hopes  on  our  behalf  are  well 
founded. 

Mr.  W.  Lant  Carpenter  :  There  are  three  points,  Sir,  that,  Mr.  Lant 

•^  '  '.  '  Carpenter. 

with  your  permission,  I  should  like  to  refer  to  in  connection  with 
this  interesting  and  valuable  paper.  The  points  are— Feeders, 
the  three-wire  system,  and  insulation.  ""  o  " 
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gfj^  I  certainly  felt,  in  hearing  Professor  Forbes's  paper,  and  after 

reading  it,  that  he  was  to  some  extent  flogging  a  dead  horse,  or 
killing  the  slain.  It  so  happens  that  within  a  year  or  two  it  has 
been  my  lot  to  hear  details  of  the  plans  of  abont  twenty  central 
lighting  stations  in  England,  and  in  each  of  them  feeders  have 
been  provided  for.  I  was  in  Bradford  some  months  ago,  and 
saw  them  being  laid  there  in  the  municipal  installation,  and  I 
know  people  who  have  laid  no  less  than  200  feeding  mains  to 
separate  installations  in  town  and  country  in  different  parts  of 
England. 

With  regard  to  the  three-wire  system,  I  should  like  just  to  point 
out  that  the  doubling  of  the  pressure  of  which  Professor  Forbes 
speaks  is  not  exactly  the  chief  advantage,  but  it  is  only  one  of 
several  advantages ;  and  I  am  very  sorry  that  Dr.  Hopkinson  is 
not  here,  so  that  we  might  have  had  the  advantage  of  a  little 
further  exposition  of  it.  But  by  feeding  on  this  system,  as  is 
probably  well  known,  one  outside  wire  comes  from  the  positive 
pole  of  one  dynamo,  and  another  outside  wire  comes  from  the 
negative  pole  of  the  second,  and  wheti  these  two  are  properly- 
balanced  the  current  in  the  third  or  neutral  wire  is  nil;  and 
hence,  there  being  no  current,  there  is  no  resistance  to  allow  for 
in  the  return  wire,  and  hence  there  is  a  great  saving;  and  I 
venture  to  ask  Professor  Forbes  whether,  in  his  paper,  where  he 
is  speaking  of  the  drop  of  480  yards  with  1,000  amperes,  the  drop 
should  not  be  6  volts  instead  of  12. 

Professor  Forbes :  No ;  the  12  comes  in  by  the  third  wire. 

Mr.  W.  Lant  Carpenter  :  I  am  open  to  discuss  it  privately, 
but  I  adhere  to  my  view  of  the  case.*  I  would  just  point  out 
that,  so  far  as  I  am  aware,  in  practice  the  best  size  for  the  neutral 
wire  is  one-third,  and  not  one-fourth,  that  of  the  active  wire. 

Then  with  regard  to  what  Professor  Forbes  has  said  about 
bituminous  compounds.  I  think  we  ougltt  to  distinguish  be- 
tween the  coal  tar  products  of  various  kinds  which  are  often 
called  bitumen,  or  bituminous,  and  that  bitumen  which  Dr. 
Fleming  has  alluded  to  as  having  been  used  by  Edison,  and  which 

•  Professor  Forbes  ultimately  admitted  the  correctness  of  my  view.--.lfl[<.L.CL 
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is,  one  may  say,  produced  in  Nature's  laboratory,  i.«.,  is  a  natural  Mr.  urt^ 
product.  I  think  that  it  is  to  the  coal  tar  bituminous  products 
that  Mlures  are  generally  due,  so  far  as  has  been  known.  I 
venture  to  assert  that  with  real  bitumen  no  such  effects  will  be 
got,  and  I  could  mention  cables  that  have  been  thus  insulated 
which  have  been  laid  for  far  more  than  three  years  without  any 
sign  of  injury  to  the  insulation.  There  are  a  large  number  of 
stations  which  I  could  mention,  both  in  this  coimtry  and  in 
the  United  States,  which  have  been  so  laid,  only  the  list  is  so 
long  that  I  should  not  like  to  name  them,  because  we  are  so 
short  of  time  this  evening. 

With  regard  to  the  question  of  vulcanised  rubber  cables, — ^if 
such  cables  are  covered  with  lead,  the  lead  will  be  attacked  by 
the  sulphur  as  readily  as  untinned  copper  would  be ;  so  that  if 
vulcanised  rubber  is  to  be  used,  then  a  large  quantity  of  tin  must 
be  added  to  the  lead,  and  that  will  make  the  cables  hard  to 
manipulate  in  the  laying. 

Mr.  B.  E.  Cbompton  :  While  agreeing  with  Professor  Forbes  Mr. 

Crompton. 

as  to  the  vast  amount  to  be  learned  by  the  study  of  foreign 
central  stations,  I  must  point  out  that  he  has,  I  think,  in  his  own 
person  shown  us  that  there  are  disadvantages  attaching  to  this 
mode  of  study,  viz.,  that  it  is  extremely  difficult  for  any  travelling 
outsider  to  get  at  the  real  facts  when  conflicting  interests  are  at 
work.  In  this  particular  case  of  the  behaviour  of  the  lead- 
covered  cables  at  Berlin,  no  doubt  the  officials  at  the  AUgemeine 
Elektricitats  Gesellschaft  put  the  case  before  Professor  Forbes 
very  strongly  from  their  own  point  of  view.  They  did  so  to  me 
also ;  but,  after  what  Mr.  Siemens  has  recently  said,  it  is  probable 
that  there  is  another  side  to  the  story.  I  first  wish  to  ask 
Professor  Forbes  if  he  has  not  made  an  error  in  describing  the 
output  of  the  Berlin  central  stations.  He  gives  it  as  if  the 
majority  of  the  output  was  in  incandescent  lamps ;  whereas  I  was 
told,  and  from  my  own  personal  observation  it  seemed  to  be 
correct,  that  the  output  from  the  low-tension  mains  was  very 
largely  in  arc  lamps  :  possibly  two-thirds  of  the  whole 
output  was  thus  taken.  I  cannot  speak  too  highly  of  the 
wonderfrd  engines  made  by  Van  den  Eirchove,  the  drawingt^^of 
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Mr.  which  are  before  yon.    They  are  most  perfect  specimens  of  work- 

manship  and  design.     Mr.  Van  den  Kirchove  has  solved  the 
extremely  difficult  problem  of  making  engines  of  this  class  run 
with  perfect  quietness  and  freedom  from  shock  at  the  time  the 
connecting  rod  passes  over  the  lower  centre.    They  work  per« 
fectly  noiselessly,  the  sole  exception  being  the  slight  click  of 
the  Corliss  valves.    As  an  English  engineer  I  must  confess  that 
our  manufacturers  of  steam  engines  cannot  teach  Mr.  Van  den 
Kirchove    anything    in    this    respect.      The  previous  speaker, 
Mr.  Bobinson,  has,  however,  pointed  out  that  these  engines  are 
very  big  and  very  costly  for  the  work  they  have  to  do;  and  it  is 
quite  possible  that  the  use  of  such  large  and  costly  engines  will 
not  be  as  profitable  to  the  company  as  if  they  had  used  smaller, 
quicker  running  engines  of  the  same  power,  but  of  the  type  we 
use  in  England.    Speaking  generally,  the  whole  of  the  machinery 
at  Berlin  is  carried  out  on  a  most  magnificent  scale ;  but  I  hardly 
think  that,  if  we  wish  to  get  the  best  economic  results,  we  shall 
copy  this  machinery  in  England.    The  economy  of  these  engines, 
viz.,  15J  lbs.  of  water  per  E.H.P.,  appears  to  be  extremely  high. 
Such  economy  is  just  possible,  but  I  should  like  to  know  in  what 
manner  the  tests  were  carried  out.     Similar  tests  carried  out  at 
Vienna  showed  that  recently  we  have  been  obtaining  the  result 
of  22  lbs.  of  water  per  E.H.P.,  but  in  this  case  the  tests  were 
carried  out  by  independent  authorities.      Before  I  leave  the 
question  of  the  Berlin  and  other  central  stations,  I  must  ask 
Professor  Forbes  whether  he  thinks  it  is  really  good  modem 
practice  to  use  banks  of  lamps  or  other  artificial  resistance  when 
low-tension  dynamos  are  to  be  brought  into  parallel  working.     I 
have  eight  large  sets  of  engines  and  dynamos  running  parallel 
at  Vienna,  and  from  the  commencement  we  have  not  had  the 
least  trouble  in  throwing  them  into  parallel  working  without  the 
use  of  any  such  devices.     Mr.  Melhuish,  the  resident  engineer 
of  that  station,  has  in  one  of  the  technical  papers  shown  how 
easily  and  conveniently  an  additional  machine  is  thrown  into 
circuit  by  means  of  pilot  lamps,  which  show  when  the  E.M.F.  of 
the  fresh  machine  comes  to  be  equal  to  that  of  the  line.    At 
this  moment  the  circuit  is  closed,  and  the  machine  takes  its 
share  of  the  load  without  any  flicker  in  the  lights. 
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I  now  come  to  the  three-wire  system.  I  folly  agree  with  what  ^^^^^ 
Professor  Forbes  has  said  about  it ;  but  I  wish  to  point  out  that  a 
great  many  engineers,  including  my  own  firm,  have  often  been 
obliged  to  continue  to  use  the  two-wire  system,  although  they 
know  perfectly  well  that  it  would  be  economically  advantageous 
to  change  to  the  three-wire  one.  Several  stations  that  I  know  of 
were  designed  for  the  three-wire  system  originally,  but  so  long  as 
the  demand  was  small  and  irregular  it  was  found  very  much  easier 
to  work  the  station  on  one  parallel  only,  the  intention  being  to 
make  the  change  as  the  station  grew  larger.  In  some  cases, 
however,  the  demand  has  come  on  so  suddenly  that  it  has  not 
been  found  convenient  to  make  the  alteration  at  once.  The 
author  has  referred  to  Sir  William  Thomson's  formula  for  the 
calculation  of  the  copper  in  electric  mains  as  being  constantly  in 
use.  I  must  point  out  that,  with  every  desire  to  make  use  of  this 
formula,  it  has  been  extremely  difficult  to  do  so  up  to  the  present 
time,  ais  it  was  next  to  impossible  to  obtain  the  time  factor  neces- 
sary to  work  it  out  commercially.  For  the  first  time  I  have  got 
a  time  factor  calculated  from  the  average  number  of  hours  the 
feeder  mains  are  worked  at  certain  currents,  but  until  I  obtained 
this  time  factor  it  was  useless  to  attempt  to  apply  the  law.  On 
this  point  I  could  have  learned  very  little  from  the  study  of 
foreign  stations.  The  habits  of  the  dwellers  in  Continental 
towns  are  so  different  from  our  own  that  the  time  factors  for 
Berlin,  Vienna,  or  Paris  would  be  found  to  differ  widely  from 
those  useful  to  us  in  London.  In  those  towns  people  mostly  dine 
out*  A  large  portion  of  the  lamps  are  used  in  restaurants  or 
places  of  public  entertainment,  so  that  the  hours  of  maximum 
lighting  are  spread  over  a  period  much  longer  than  is  the  case  in 
England.  At  Berlin,  for  instance,  in  December  the  load  only  varies 
slightly  from  6  to  10  p.m. ;  whereas  at  Kensington  it  would  reach 
a  maximum  at  7,  and  one  hour  later  would  be  reduced  nearly  one- 
hall  The  maximum  really  corresponds  with  the  time  when 
everybody  is  dressing  for  dinner  and  the  shops  still  remain  open. 
As  regards  the  point  at  which  pilot  wires  should  be  coupled  on  to 
a  network,  I  must  agree  with  Mr.  Andersen  that  I  cannot  see  how 
Professor  Forbee  is  going  to  couple  on  these  pilot  wires  so  as  to 
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Mr.  obtain  the  end  that  he  seeks.    The  desirable  object  that  he  seeks 

Gfomptoii. 

to  obtain  has  been  before  us  all,  but  it  apparently  cannot  be 
applied  except  in  the  case  of  distributing  mains  which  are  very 
completely  coupled  up  into  a  network.  If  we  imagine  that  the 
maintenance  of  the  required  difference  of  potential  all  over  a 
network  was  something  like  that  of  maintaining  a  film  of  fluid  of 
a  given  thickness  all  over  a  flat  porous  absorbing  surface, 
the  supply  being  kept  up  by  means  of  feeder  tubes  spaced  evenly 
over  the  surface,  we  should  then  find  the  film  decreased  in 
thickness  towards  that  part  of  the  surface  which  is  midway 
between  the  feeders,  and  where  the  absorption  is  most  consider- 
able. It  is  evident  that  where  Professor  Forbes  would  wish  to 
join  on  his  pilot  wires  would  be  at  the  points  midway  between  the 
feeders  and  the  thinnest  part  of  the  film ;  but  this  appears  to  be 
impossible,  except  in  very  exceptional  circumstances,  partly  owing 
to  the  difficulty  of  thoroughly  connecting  up  and  completing  the 
network,  and  partly  owing  to  the  uncertainty  of  knowing  at  which 
points  the  demand  will  be  heaviest. 

I  now  come  to  the  use  of  the  air  as  a  dielectric.  Professor 
Forbes  begs  that  I  would  state  authoritatively  what  is  the  maxi- 
mum and  minimum  resistance  of  the  air-insulated  mains  at 
Kensington,  because,  he  said,  nothing  had  been  stated  definitely 
about  it.  This  is  true.  The  air-insulated  mains  at  Kensington 
are  so  mixed  with  the  continuously  insulated  cables  that  we 
have  great  difficulty  in  testing  any  considerable  lengths  of  the 
former  by  themselves.  We  have  four  or  five  mUes  of  these  mains  at 
Kensington,  but  owing  to  the  fact  that  we  never  have  the  current 
off  night  and  day,  it  has  been  found  impossible  to  carry  out 
delicate  quantitative  tests.  We  do  know  that  the  insulation  is 
very  high — &r  higher  in  the  case  of  the  air-insulated  mains  than 
in  the  case  of  the  continuously  insulated  ones.  Professor  Adams, 
at  my  request,  made  an  attempt  last  week  to  test  a  short  length 
of  main  which  is  only  partly  finished.  This  section  was  recently 
laid,  and  in  all  probability  its  insulation  was  at  its  lowest,  as  the 
weather  was  damp  and  it  was  not  in  use,  so  that  the  surfisuse  of  the 
insulators  could  not  be  dried  by  electrolysis,  which,  of  course,  is 
~      >rmal  condition  of  a  working  main.     The  insulation  resist- 
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ance  of  a  length  (including  one  crossing  made  up  of  continuously  ^^  ^^ 
insulated  cables  drawn  in  tubes)  was  at  the  rate  of  380,000  ohms 
per  mile.  Although  this  result  is  fairly  good,  yet  I  do  not  think 
that  it  for  one  moment  represents  the  insulation  resistance  of  the 
bare  mains,  but  rather  that  of  the  four  joints  on  to  the  continuous 
cables  at  the  extremities  of  the  crossing.  As  most  of  you  present 
well  know,  we  almost  invariably  find  great  tendency  to  leakage  at 
the  joints  of  continuously  insulated  cables.  It  is  a  comparatively 
easy  matter  to  get  high  insulation  where  the  continuous  insula- 
tion is  unbroken  ;  but  every  joint,  whether  it  is  a  T  joint  for  the 
house  services  or  a  joint  on  the  main  line,  is  always  a  source  of 
leakage  and  trouble.  We  find  that  the  continuous  insulation  of 
a  line  of  conductors  is  usually  so  high,  and  that  of  the  joints  so 
low,  that  when  we  talk  of  the  insulation  of  the  whole  line  we  are 
really  speaking  of  that  of  the  joints  only. 

I  wish  to  add  a  word  of  personal  explanation.  Some  gentle- 
men have  recently  seemed  to  think  that  although  last  year  I 
took  up  a  position  hostile  to  the  alternating  transformer 
system  of  electrical  distribution,  recently  I  have  modified  my 
views.  I  wish  to  point  out  that  nothing  of  the  kind  has 
taken  place.  I  never  was  hostile  to  the  alternating  trans- 
former system.  I  pointed  out  that  probably  it  was  not  so 
suitable  or  so  cheap  as  the  battery  transformer  system  for 
the  lighting  of  densely  populated  towns  such  as  London,  but 
that  the  alternating  transformer  system  was  well  suited  for  less 
densely  populated  centres.  I  am  of  the  same  opinion  still,  and 
am  consequently  consistent  in  advocating  each  system  for  the 
purpose  which  suits  it  best.  All,  however,  that  Professor  Forbes 
has  put  before  us  has  only  confirmed  my  own  views  that  the 
alternating  transformer  system  of  distribution  is  not  nearly  so 
simple  or  so  easy  to  manage  as  last  year  he  wished  to  lead  us  to 
believe. 

Mr.  Fbakk  Wtnne:   Professor  Forbes  has  referred  to  the  Mr.  Wynne. 
Weatingbouse  pressure  indicator  in  very  high  terms,  for  use  in 
central  stations.    In  Westinghouse's  price  list  a  description  is 
given  of  this,  but  so  slight  and  involved  that  to  understand  it  I  had 
to  refer  to  Enigvneervng  of  22nd  February,  where  a  long  description 
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Mr.  wymM.  U  giveu  of  it  Qxider  the  name  of  a  ^^  compensator.''  Bat  neither 
Westinghonse  nor  Professor  Forbes  make  any  acknowledgment  of 
the  real  author  of  this  important  instrument  being  Dr.  John 
Hopkinson,  who  describes  it  at  length  in  his  well-known  three- 
wire  patent  of  1882.  Mr.  Westinghonse  no  doubt  deserves  credit 
for  the  way  he  has  worked  it  out ;  but  the  only  difference  that 
I  can  find  is  that  Westinghonse  uses  the  secondary  wires  £rom  a 
converter  to  wind  Dr.  Hopkinson's  instrument,  instead  of  using 
the  primary  wires. 

Mr.  Preeoe.  Mr.  W.  H.  Pbeege  :  There  is  no  practice  more  conducive  to 
the  welfare  of  this  Institution  than  for  our  members  to  carefully 
inspect  what  is  being  done  abroad,  and  to  come  here  and  give  us  the 
result  of  their  inspection.  I  have  been  a  culprit  in  this  direction 
myself,  and  therefore  I  am  rather  timid  at  daring  to  criticise  the 
work  that  has  been  done  by  Professor  George  Forbes.  But  I  am 
strongly  inclined  to  think  that  Professor  Forbes  has  put  the  boot 
on  the  wrong  leg.  Instead  of  going  abroad, — instead  of  spending 
his  Christmas  holidays  in  examining  the  central  stations  at 
Berlin,  Milan,  and  Borne,  and  coming  here  and  throwing  down 
the  gauntlet  to  English  electrical  engineers,  and  telling  them 
that  they  did  not  know  their  own  business,— he  would  have  done 
wisely  if  he  had  visited  some  of  our  central  stations,  and  gone  to 
Berlin,  to  Milan,  and  to  Bome,  and  told  them  what  to  do. 

We  are  not  altogether  deficient  in  central  station  working  in 
this  coimtry.  It  is  perfectly  true  that  we  are  a  long  way  behind 
America,  and  in  some  things  we  are  always  prepared  to  follow  the 
lead  of  America.  There  is  a  certain  energy  and  a  go-aheadedness 
about  that  nation  that  imparts  itself  to  us  when  we  go  there, 
and  we  all  feel  better  men  when  we  come  back  again.  We  are 
always  glad  to  follow  their  lead ;  but  we  do  not  like  to  be  told 
that  Italy  is  leading  us  in  this  particular  direction. 

I  say  that  we  are  doing  something  in  central  stations  here. 
Has  Professor  Forbes  inspected  the  central  station  in  Bond  Street 
and  under  the  Grosvenor  Gallery  since  it  has  been  under  the 
charge  of  Mr.  Ferranti  ?  There  is  a  kind  of  &shion  to  decry  the 
—  work  that  has  been  done  at  the  Grosvenor  Gallery  ij^t  hear 
innuendos  about  the  lamps  being  <^  like  red  hair-pins,''  and  things 
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of  that  kind ;  but,  gentlemen,  the  Grosvenor  Gallery  and  its  Mr. 
spirited  proprietors  have  maintained  electric  lighting  alive  in 
England,  and  it  is  due  to  their  energy  that  at  the  present 
time  we  find  capitalists  ready  to  open  their  pockets  and  support 
electric  lighting  in  this  country.  It  is  scarcely  a  fortnight  ago 
that  a  quarter  of  a  million  of  money  was  wanted  to  complete  the 
Deptford  central  station,  and  in  less  than  one  hour  that  money 
was  found  in  the  City  of  London ;  and  if  a  million  pounds  were 
wanted  to-morrow  morning,  a  million  would  be  forthcoming. 
Well,  there  are  other  central  stations.  What  do  we  hear  about 
Brixton  ?  What  do  we  hear  about  Holbom  ?  Who  is  there  that 
walks  along  Holbom  and  does  not  see  lamps,  arc  and  incandescent, 
springing  up  all  round  and  about  ?  What  have  we  heajrd  about 
Pritchett's  station  in  Bathbone  Place  ?  Who  is  there  that  drives 
along  Oxford  Street  and  does  not  see  those  beautiful  lamps 
lighting  up  shop  after  shop  ?  Kensington  Court  is  quite  capable 
of  speaking  for  itself;  Whitehall  Court  is  not  to  be  scoffed  at, 
nor  the  Cadogan  installation  at  Chelsea.  Again,  there  are  two 
large  stations  each  of  which  tells  us  a  lot :  one  is  at  Silvertown, 
where  the  India-Rubber  and  Gntta-Percha  Company  have  some- 
thing like  150  arc  lamps  and  3,000  or  4,000  glow  lamps  going, 
and  worked  in  a  way  that  is  a  credit  to  any  English  firm ;  the 
other  is  an  installation  that  people  are  sometimes  apt  to  turn 
their  noses  up  at — ^that  is  Paddington,  where  over  100  arc  lamps 
and  4,000  glow  lamps  are  lighted  up,  now  under  the  charge  of 
our  respected  Past-President,  Mr.  Spagnoletti,  who  will  probably 
speak  for  himself  on  the  next  occasion  ;  but  is  there  anybody  in 
this  room  who  has  heard  of  any  breakdown  there  ?  No ;  it  is  only 
when  breakdowns  occur  at  a  little  place  like  Bamet  that  we  see 
our  papers  narrating  them  with  seriousness.  Why,  there  are  not 
so  many  lamps  alight  at  Bamet  as  there  are  in  my  own  house, 
while  the  vagaries  of  the  Bamet  lamps  have  occupied  columns  of 
our  technical  press.     So  much  for  London. 

Are  we  doing  anything  in  the  country?  Has  Professor 
G-eorge  Forbes  inspected  the  central  station  at  Liverpool  ? 
niere,  there  are  4,000  or  5,000  lamps  going.  There  is  a  place 
not  tear  from  his  own  native  heath— Glasgow — ^where  Messrs.  Muir 
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Mr.  Preeoe.  &  Mavor  have  a  central  station,  which,  by  the  bye,  supplies 
our  own  Post  Office.  Then,  coming  further  south,  we  hare  a 
central  station  at  Taunton,  and  another  which  has  met  with  a 
certain  amount  of  obloquy — that  is  at  Leamington.  The  reason 
that  we  hear  so  much  of  the  Leamington  installation  is  that 
contractors  supplied  16-candle-power  lamps  for  the  streets,  which 
was  an  act  of  folly.  But  apart  altogether  from  street  lighting, 
if  anybody  goes  to  Leamington  and  examines  the  light  in  the 
houses,  or  sees  the  illumination  of  the  Town  Hall,  he  will  say  that 
there  is  no  building  in  this  world  that  is  more  brilliantly  or  more 
beautifully  illuminated  than  the  Town  Hall  of  Leamington.  Let 
us  go  further  south  again.  Has  nothing  been  done  at  Hastings  ? 
Has  nothing  been  done  at  Eastbourne  ?  Why,  for  the  last  seven 
years,  Mr.  Sayers,  Mr.  Lowrie,  and  Mr.  Hall  have  been  working 
away  with  all  the  energy,  nerve,  and  fervour  of  Englishmen,  and 
have  established  an  installation  there  that  has  been  transplanted 
to  West  Brompton ;  and  I  do  not  think  Professor  Forbes  could 
bring  an  instance  from  America  which  has  been  carried  out  more 
perfectly.  We  will  take  another  place — Brighton — ^and  I  thought 
we  should  have  heard  to-night  from  Mr.  Wright  something  of 
what  he  has  done  at  Brighton.  There  are  many  who  may  know 
Mr.  Wright,  and  it  is  a  charming  thing  to  go  to  Brighton  and 
see  the  way  in  which  that  gentleman  has  applied,  unaided,  the 
most  exquisite  automatic  apparatus  to  tell  him  everything  that 
is  going  on.  I  will  not  deprive  you  of  the  pleasure  of  hearing 
him  next  time.  He  has  promised  to  come  and  show  us  what  an 
English  engineer  can  do  at  an  EngUsh  central  station. 

There  is  one  point  upon  which  I  should  like  you  to  have 
clear  and  definite  ideas,  and  that  is  the  question  of  the  durability 
of  lead.  That  is  a  point  upon  which  Mr.  Graves  and  I  can^  speak 
with  some  authority.  I  have  here  a  specimen  of  lead-covered 
wire.  It  was  not  laid  down  in  the  year  1887,  or  in  the  year  1886, 
but  it  was  laid  down  in  the  year  1844 ;  forty-five  years  ago  this 
lead-covered  wire  was  laid  down  in  the  streets  of  London.  It 
was  picked  up  last  year,  or  the  year  before,  I  think  in  the  neigh- 
bourhood of  Vauxhall  (Mr.  Fleetwood  will  correct  me  if  I  am 
wrong),  and  it  is  as  perfect  as  the  very  day  it  was  put  down. 


1689.]  DIBOUBBION.  239 

The  copper  wire  is  coated  with  a  mixture  of  pitch,  resin,  and  Mr.  Preece. 
beeswax,  and  the  reason  the  wires  failed  and  were  replaced  by 
gutta-percha-covered  wires  was  not  because  the  lead  failed,  but 
because  the  copper  conductors  fell  through  the  pitch  and  came 
in  contact  with  the  lead.  I  have  another  specimen  here  that  is 
well  worth  your  examination  also,  and  I  am  indebted  for  this 
specimen  to  Sir  Albert  Cappel,  who  is  here  to-night.  It  is  a 
specimen  of  lead-covered  wire  which  was  dug  up  at  Kiddapoor, 
near  Calcutta:  it  was  put  down  either  in  1851  or  1854;  it  was 
taken  up  in  1885,  and  it  also  is  quite  perfect.  Then,  in  the  year 
1854,  Mr.  Latimer  Clark,  who  is  here  to-night  to  confirm  what 
I  say,  started  the  pneumatic  tube  system  for  the  transmission  of 
telegrams.  Tubes  of  lead  were  placed  in  iron  pipes  unprotected 
in  any  way  or  shape,  and  those  lead  pipes  have  remained  in  their 
protecting  casing  of  iron  from  that  day  to  this — 1854  to  1889 — 
thirty-five  years ;  and  I  can  say,  in  the  presence  of  Mr.  Grraves, 
Mr.  Bell,  Mr.  Fleetwood,  Mr.  Latimer  Clark,  and  many  other 
officers  who  have  had  plenty  of  experience,  that  we  have  never 
yet  seen  a  sample  of  lead  that  has  in  any  way  deteriorated 
from  its  contact  with  iron.* 

But  I  have  had  specimens  of  lead  which  have  decayed.  I 
remember  a  case  where  a  lead-covered  wire  was  laid  through 
Windsor  Park — ^it  must  have  been  about  the  year  1868  or  1869 ; 
it  was  known  as  ^^  Marshall's  cable,"  and  was  a  lead  tube  with  a 
copper  wire  run  through  it,  the  copper  wire  being  wrapped  with 
cotton  and  the  tube  filled  with  paraffin  wax.  That  very  speedily 
decayed.  It  decayed  in  patches,  and  it  was  found  that  wherever 
the  lead-covered  wire  lay  unprotected  in  decaying  vegetable 
matter,  then  the  lead  was  destroyed. 

Well,  now,  gentlemen,  the  way  in  which  lead  is  converted  into 
the  white  lead  used  for  paint  is  by  burying  grids  of  lead  in 
mounds,  as  it  were,  or  layers,  of  tannin,  moistened  with  vinegar  or 
acetic  acid.  The  same  action  commences  wherever  there  is  lead 
in  the  presence  of  tannic  acid ;  and  we  aU  know  that  the  barks  of 

*  liead-covered  cables  were  placed  in  the  sewers  of  Paris  in  1862,  and  some 
of  them  are  still  in  use.  Those  that  foiled,  failed  in  insulation,  and  not  in  the 
lead.— W.  H.  P.  ^' 
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Mr.  PrMce  trees  are  fall  of  tannic  aoid,  and  it  is  from  bark  that  we  get  all 
our  tannin.  Wherever  lead  passes  through  such  decaying  matter 
as  the  bark  of  trees  or  decaying  leaves,  then  we  get  decay. 

It  is  a  very  easy  thing  to  protect  the  lead  from  the  action  of 
tannic  or  other  acids,  and  I  am  prepared  to  stake  my  profeasionai 
reputation  that  if  a  lead-covered  wire,  properly  protected,  is  laid 
in  iron  pipes,  it  will  last  my  life,  and,  I  hope,  the  life  of  the 
Institution  of  Electrical  Engineers. 

There  is  just  one  other  point  connected  with  lead;  it  is  a 
decided  slip  on  Professor  Forbes's  part,  which  has  been  alluded  to 
by  Mr.  Siemens.  Professor  Forbes  tells  us  that  there  must  be  a 
galvanic  action  between  lead  and  iron,  and  therefore  it  is  very  bad 
for  the  lead.  It  is  not  bad  for  the  lead ;  it  is  bad  for  the  iron, 
because  iron  is  electro-positive  to  lead ;  and  when  the  two  things 
are  brought  together  that  which  goes  is  the  iron,  and  not  the 
lead.  I  will  not  occupy  your  time  any  longer  this  evening,  but^ 
if  I  may  be  allowed,  I  may  take  up  one  or  two  points  on  the  next 
occasion  when  we  meet. 
A^rtS!^'  The  Chairman  :  It  is  almost  impossible  for  Professor  Forbes 

to  reply  this  evening,  and,  I  understand,  moreover  that  there  are 
several  gentlemen  who  would  Uke  to  speak.  I  therefore  adjourn 
the  discussion  until  Thursday,  March  21st. 

A  ballot  for  new  members  took  place,  at  which  the  following 

were  elected : — 

Associates  : 

Sidney  John  Cluer.  |      William  Patrick  Henderson. 

Ernest  Bonnell  Hudson. 


Students, 


Arthur  E.  Childs. 
Duncan  W.  Johnston. 

The  meeting  then  adjourned. 


Wilfrid  Bartholomew  Lloyd. 
Hubert  H.  Nalder. 
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The  One  Hundred  and  Eighty-ninth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on  Thurs- 
day, March  21st,  1889— Professor  W.  E.  Aybton,  F.R.S., 
Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
March  14th  were  read  and  approved. 

The  names  of  new  candidates  for  admission  into  the  Institu- 
tion were  announced  and  ordered  to  be  suspended. 

Donations  to  the  Library  since  the  last  meeting  were 
announced  (three  books)  as  having  been  received  from  the 
publishers,  Messrs.  Alabaster,  Gatehouse,  &  Co.,  to  whom  a 
tearty  vote  of  thanks  was  duly  accorded. 

The    Chairmak  :   We  will  now  resume   the   discussion    on  professor 
Professor  Forbes's  paper,  which  advanced  a  certain  length  last  time. 
We  left  Mr.  Preece,  we  may  say,  speaking  to  us  when  the  dis- 
cussion was  adjourned ;  and  I  will  ask  him,  therefore,  to  complete 
his  remarks  now. 

Mr.  W.  H.  Preece  :  There  is  a  very  important  point  on  which  Mr.  Preecc. 
Professor  George  Forbes  and  I  are  at  variance,  and  I  think,  as 
it  is  so  important,  it  is  just  as  well  that  you  should  have  all 
the  reasons  yro  and  con  brought  clearly  before  you.  The  ques- 
tion is,  What  is  the  most  advantageous  frequency  to  give  to  an 
alternating-current  system  ?  and  by  the  term  frequency  I  mean 
the  total  number  of  complete  periods  that  take  place  per 
second.  A  considerable  amount  of  confrision  arises  because 
some  persons  speak  of  the  number  of  alternations  per  minute, 
others  of  the  alternations  per  second.  When  we  speak  of  the 
alternations  per  minute,  we  mean  the  number  of  single  reversals 
per  minute;  when  we  speak  of  the  term  frequency,  we  mean 
the  complete  period  of  the  positive  and  negative  current— the 
number  of  complete  periods  that  pass  per  second.^  by  GooqIc 
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Mr.  Preeoe.  It  is  perfectly  clear  that  it  is  most  desirable  that  this 
question  shall  be  thoroughly  and  clearly  thrashed  out,  for  we 
have  this  strange  variation  in  practice,  that  in  America  Mr. 
Westinghouse  adopts  a  frequency  of  133  per  second — that  is, 
16,000  alternations  per  minute  ;  in  England,  at  Deptford,  Mr. 
Ferranti  is  going  to  adopt  a  frequency  of  67 ;  while  Professor 
Forbes  has  shown  us  that  at  Eome  Mr.  Zipemowski  adopts  a 
frequency  of  42.  Well,  when  we  have  such  a  strange  difference 
of  practice,  it  is  clear  that  something  requires  to  be  threshed 
out  to  make  matters  straight. 

The  first  fact  that  I  should  like  to  call  your  attention  to  is 
this,  that  those  who  have  had  the  longest  experience  in  working 
alternating-current  systems  have  reduced  their  frequency;  for, 
starting  at  the  Grosvenor  Grallery  with  a  frequency  of  150,  Mr. 
Ferranti  has  come  down  to  67  ;  Mr,  Zipernowski,  I  think, 
commenced  with  200 — he  has  now  come  down  to  42  ;  but  Mr. 
Westinghouse  in  America  commenced  with  133,  and  like  a 
good  old  conservative,  he  sticks  to  it.  There  are  reasons, 
mechanical  and  electrical,  pro  and  con  in  this  question.  The 
mechanical  reason  is  a  very  important  one,  and  it  is  that  which 
controls  and  guides  the  strength  of  materials.  Every  engineer 
knows  that  there  is  a  certain  peripheral  velocity  beyond  which 
you  cannot  step,  for  if  you  do,  you  endanger  the  strength  of  your 
structure.  In  England  we  adopt,  as  a  fair  practical  maximum,  a 
velocity  of  about  6,000  feet  per  minute.  Well,  we  hear  of  strange 
departures  in  rates  of  revolution.  In  America,  Professor  Forbes 
tells  us  that  they  adopt  a  rate  of  revolution  of  1,000  per 
minute;  in  England  the  WiUans  and  Bobinson — ^the  favourite 
engine  of  the  day — has  been  brought  down  to  from  350  to 
380 ;  while  in  Berlin,  Professor  Forbes  told  us,  they  have  come 
down  to  as  low  as  80.  Here,  of  course,  mechanical  questions 
control  the  day,  and  it  is  quite  clear  that  with  the  same  diameter 
the  lower  the  number  of  revolutions  the  safer  is  your  machinery ; 
but,  however,  I  do  not  rely  upon  the  mechanical  question,  and 
will  not  consider  it  farther.  I  will  take  the  dynamo.  Now  in 
the  dynamo  we  have  one  great  disturbing  element,  a  necessary 
^  evil,  and  that  necessary  evil  is  self-induction.    Professor  Forbes 
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has  pointed  out  how  necessary  it  is  that  we  should  be  able  to  Mr.  Pieece. 
work  these  dynamos  in  parallel,  and  to  work  them  in  parallel 
the  existence  of  self-induction  is  necessary.  We  know  that  the 
presence  of  this  self-induction  in  alternating-current  machines 
chokes  or  throttles  the  output  of  the  dynamo,  and  the  higher 
the  frequency  with  the  same  E.M.F.,  the  more  does  this  choking 
exist,  and  the  less  is  the  output  of  the  dynamo ;  hence  in  a 
dynamo  the  fewer  the  frequency  the  greater  the  efficiency  of 
your  apparatus. 

Let  us  next  take  the  conductor.  When  Sir  William  Thomson 
delivered  his  Presidential  Address  here,  he  showed  how  it  was 
that  when  you  use  copper  conductors  for  the  distribution  by 
your  alternating-current  machines,  the  presence  of  "  time " 
restricted  the  entry,  as  it  were,  of  the  current  into  the  body 
of  the  wire ;  it  did  not  soak  into  the  whole  substance,  and  the 
result  was  that  it  was  only  a  kind  of  skin-deep  conductor,  and 
that  it  really  was  the  outside  only  that  acted  efficiently; 
and  he  showed,  moreover,  that  that  was  dependent  on  the 
frequency.  I  have  been  in  communication  with  Sir  William 
Thomson  on  this  matter,  and  I  think  his  answer  to  my 
inquiry  is  so  clear  that  I  cannot  do  better  than  read  it.  He 
says  :  "  The  smaller  the  number  of  periods  per  second,  con- 
"  sistent  with  thoroughly  good  action  of  the  transformer,  the 
"  better.  I  took  80  per  second  for  my  example,  because  that 
"  is  what  Ferranti  uses  in  the  Grosvenor  Gallery  installation, 
^^  and  I  know  he  gets  good  action  with  his  transformers  there. 
"  If  good  action  can  be  got  with  less  than  80,  I  should  certainly 
"  prefer  less  than  80,  because  not  only  in  the  generator,  but 
"  in  all  the  conductors,  both  of  primary  and  secondary  circuits, 
"  it  is  more  difficult  to  get  good  economy  of  the  copper  the 
"  greater  the  number  of  alternations  per  second ;  and  you  will 
"  see  from  the  appendix  to  my  Address,  that  even  with  80  it 
"  is  difficult  enough  to  get  good  economy  of  copper  in  the 
**  conductors  for  anything  more  than  100  amperes."  So  you 
see  Sir  William  Thomson  is  very  decided  on  the  question  of 
low  frequency.  Let  us  take  the  transformer — and  here  is  the 
only  point  that  Professor  Forbes  makes  in  his  paper.     He  shows 

VOL.  xvra.  18 
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Mr.  Preeoe  that  practically  the  higher  the  frequency,  the  less  the  efficiency 
of  the  machine,  and  therefore  that  the  higher  the  frequency, 
the  smaller  you  can  make  your  converter  ;  that  is  Professor 
Forbes's  argument.  There  is  no  doubt  that  that  is  perfectly 
true — the  lower  the  frequency  the  more  the  loss  of  efficiency 
in  your  converter.  But  what  is  the  amount  of  this  loss,  and 
how  can  it  be  remedied?  The  answer  is  given  by  Professor 
George  Forbes  himself.  In  a  note  that  he  gave  to  our  Society 
last  year,  he  pointed  out  that  the  frequency  may  be  diminished 
without  loss  of  efficiency  if  the  resistance  of  the  magnetic 
circuit  be  diminished,  and  if  the  mass  of  iron  be  increased  ; 
so  that  if  we  reduce  our  frequency  from  133  to  100,  we 
simply  have  to  add  a  little  more  iron  in  order  to  com- 
pensate for  the  loss  of  efficiency,  and  the  quantity  of  iron 
that  you  have  to  use  is  very  easily  calculated.  In  fact,  I  made 
some  very  careful  experiments  on  this  very  point  with  a  Lowrie- 
Hall  converter,  and  it  came  out  that  there  was  a  loss  of  efficiency 
of  1*2  per  cent,  for  eveiy  thousand  reduction  in  alternations 
per  minute — i.e.y  if  you  came  down  from  16,000  to  15,000, 
there  was  a  diminution  of  1*2  per  cent.,  and  if  you  came  down 
from  16,000  to  12,000,  it  was  virtually  a  diminution  of  5  per  cent. ; 
so  that  you  can  compensate  for  that  by  increasing  the  weight  of 
your  iron  somewhat  in  the  same  ratio.  But  while  the  bad  effect 
of  lowering  the  frequency  has  this  one  disadvantage,  there  is 
another  great  disadvantage  in  another  direction,  and  that  is  when 
you  increase  your  frequency  you  bring  into  action  the  operation 
of  that  mysterious  property  of  magnetised  iron  that  is  called 
hysteresis,  and  the  result  of  this  is  that  as  you  increase  your 
frequency  you  increase  the  temperature  of  the  coils  of  your 
transformer ;  and  it  was  this  very  question  of  temperature  that 
was  the  practical  reason  that  led  Ferranti  and  others  to  bring 
down  the  frequency  from  the  high  figure  that  he  originally  used 
to  the  much  lower  figure  that  we  have  now ;  so  that,  gentlemen, 
we  come  to  this  conclusion,  that  you  have  all  the  objections  that  I 
have  enumerated  on  the  one  side  to  high  frequency,  and  you 
have  on  the  other  side  only  one  reason,  and  that  is  that  you  have 
to  increase  the   size   of  your   converter   to   secure   the   same 
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efficiency.  There  is  a  second  reason :  it  is  that  the  high  frequency  Mr.  Preecc. 
is  used  by  Mr.  Westinghouse  in  America, '  I  do  not  think  the  last 
reason  is  a  good  one,  and  I  know  my  American  friends  so  well  that 
I  am  sure,  when  they  weigh  carefully  the  reasons  that  I  have 
given,  and  other  reasons  that  remain  behind,  that  Mr  Westing- 
house  himself  is  of  that  temperament  and  of  that  energy  that  the 
moment  he  becomes  convinced,  as  he  will,  that  133  is  wrong,  he 
will  come  down  to  80  or  100,  and  wipe  out  all  those  converters 
that  are  now  in  existence.  That  is  one  thing  where  the  Ameri- 
cans beat  us :  the  moment  they  are  convinced  that  a  thing  is 
wrong,  they  do  not  hesitate  whatever  at  chucking  it  away,  and 
replacing  by  the  better  material. 

Another  point  I  want  to  put  before  you  is,  that  I  want  to 
correct  Professor  Forbes  on  two  historical  facts.  The  one  is  that, 
in  referring  to  alternating-current  dynamos,  he  hints,  not  vaguely, 
but  rather  clearly,  that  the  Elwell-Parker  dynamo,  to  which 
reference  has  been  made,  and  which  is  used  a  good  deal  now  in 
liondon,  is  a  mere  copy  of  those  that  are  described  in  his  paper, 
and  that  are  represented  by  diagrams  on  the  wall.  I  do  not 
think  that  Professor  Forbes  would  have  hipted  this  if  he  had  read, 
as  I  have  read,  the  patent  of  Elwell-Parker  of  1882 ;  nor  would 
he  have  said  it  if  he  had  seen,  as  I  have  seen,  dynamos  made  in 
1883,  photographs  of  which  I  have  here. 

The  other  historical  point  is,  that  Professor  Forbes  has  referred 
to  the  fact  that  Mr  Westinghouse  in  America  introduced  a  com- 
pound indicating  device,  which  he  says  laid  the  principle  of  these 
indicators — that  is,  having  one  winding  connected,  like  an  ordi- 
nary voltmeter,  with  the  terminals  of  the  dynamo,  and  another 
■winding  in  the  reverse  direction  to  carry  the  main  current.  He 
quite  forgets  to  point  out  that  this  compound  device  which  has 
been  used  by  Mr.  Westinghouse  in  America  is  the  invention  and 
the  patent  of  Dr.  John  Hopkinson.  There  is  another  point  in 
connection  with  Dr.  John  Hopkinson  that  has  not  been  taken 
sufficient  notice  of.  It  is,  that  not  only  was  he  a  simultaneous 
inventor  of  the  three-wire  system  vdth  Edison,  but  it  is  to  Dr.  John 
Hopkinson  alone  that  we  are  able  to  work  alternating-current 
machiQes  in  parallel.     It  is  quite  true  that  Mr.  Wilde  many  years 
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Mr.  Preece.  before  had  referred  to  the  matter,  but  it  was  in  a  lecture  in  this 
room,  delivered  to  the  Institution  of  Civil  Engineers,  that  Dr. 
John  Hopkinson  for  the  first  time  brought  to  our  notice  the  fact 
that  it  was  possible  to  work  alternating-current  machines  in 
parallel,  and  Professor  Adams  was  the  one  who  proved  practically, 
down  at  the  North  Foreland,  that  such  was  the  fact. 

Mr.  Stuart         Mr.  Stuart   Bussell  2  There  are  one  or  two  points  on  the 

Russell.  ^ 

question  of  underground   cables   upon   which  I  should  like  to 
say  a  few  words. 

Several  systems  have  been  mentioned  in  the  paper  and  in  the 
discussion,  and  I  would  speak  first  of  the  lead-covered  cables.  It 
has  always  appeared  to  me  that  there  must  be  a  very  great 
danger  in  the  use  of  these  cables,  from  the  fact  that  the 
occurrence  of  small  pinholes  or  cracks  in  the  lead  may  escape 
detection  at  the  time  of  testing,  because,  unless  the  cable  is 
immersed  for  a  very  long  time  indeed  in  water,  the  moisture 
has  not  time  to  take  effect  on  the  fibroup  material  inside  the 
lead.  We  have  heard  from  America  that  one  of  the  great 
complaints  about  these  lead-covered  cables  has  been  that  there 
is  a  continual  and  increasing  leakage  taking  place,  starting  a 
very  short  time  after  the  cable  has  been  laid.  This  I  have  seen 
stated  in  many  reports  of  discussions  which  have  taken  place  at  the 
meetings  of  the  American  Societies,  when  the  question  of  under- 
ground cables  has  been  discussed ;  and  it  appears  to  me  that  the 
readiest  explanation  of  this  is  the  fact  that  the  lead  is  not  perfect 
at  the  time  of  manufacture,  and  that  these  imperfections  escape 
detection  at  the  time  of  testing.  There  is  also,  I  think,  some 
danger  owing  to  the  comparative  want  of  flexibility  of  a  lead- 
covered  cable — i.€,y  that  especially  when  dealing  with  heavy 
cables,  cables  with  heavy  conductors,  the  coiling  and  uncoiling 
and  the  handling  necessary  in  laying  the  cable  are  apt,  perhaps, 
to  start  small  faults  in  the  lead.  These  small  faults  in  the  same 
way  may  take  some  time  to  affect  the  insulation,  but  I  believe 
myself  that  it  is  merely  a  question  of  time,  and  that  sooner  or 
later,  if  there  is  the  slightest  pinhole  in  the  lead,  moisture  will 
creep  in  and  the  insulation  will  fall.  It  would  be  interesting  to 
know  if  in  Berlin  any  such  effect  has  been  noticed  as  has  been 
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found  in  America — ^that  is,  a  gradual  falling  of  the  insulation  of  ^r.  sguurt 
these  lead-covered  cables.  On  the  question  of  the  perishing  of 
lead  we  have  really  very  little,  or,  at  any  rate,  I  have  very  little, 
experience  at  all ;  it  seems  to  me  to  depend  almost  entirely  on 
the  soil  in  which  it  is  laid.  Undoubtedly,  in  America,  in  New  York 
especially,  where  they  seem  to  meet  with  very  great  difficulties, 
and  where  newly  laid  cables  have  frequently  come  to  grief  on 
that  account,  the  acids  or  gases  which  are  in  the  soil  have 
attacked  the  lead.  But  this  question  is  one  which  must  be 
made  a  special  study  in  each  particular  case ;  and  the  nature  of 
the  soil  must  certiunly  be  taken  into  account  in  arranging  the 
method  of  laying  the  cable. 

An  account  was  given  us  by  Mr.  Alexander  Siemens  of  the 
actual  number  of  failures  in  the  Berlin  cables  to  which  Professor 
Forbes  had  referred,  where  eight  cables  had  failed  out  of  something 
like  35  :  that  seems  to  me  to  be  a  fairly  large  percentage.  Six 
of  those  failures  were  unaccounted  for,  and  I  will  suggest  that 
possibly,  I  may  almost  say  probably,  they  were  caused  by  this 
absorption  of  moisture  coming  in  through  the  minutest  fault  in 
the  le€td. 

Mr.    Alexander    Siemens:     May    I   just    correct  a  wrong  Mr' 

Sioinens 

impression  ?  You  must  not  put  it  that  eight  cables  went  wrong 
out  of  35.  There  were  four  places  at  which  there  were  35  cables 
passing,  and  it  was  at  those  four  places  where  the  faults  occurred. 
The  other  figure  that  I  gave  ought  to  be  taken — that  out  of 
144,000  metres  250  metres  had  to  be  replaced. 

Mr.  Stuart  Russell  :  I  beg  your  pardon.   I  understood  you  to  Mn  stuart 

Russell. 

say  eight  cables  failed  out  of  35  ;  of  course  that  undoubtedly  alters 
the  percentage  of  failures  very  largely.  I  was  going  to  refer  to  the 
failures  which  were  attributed  to  mechanical  injury,  and  that,  I 
think,  shows  that  the  lead  covering  and  iron  sheathing  is  not 
sufficient  to  render  such  a  cable  really  safe  underground,  and 
seems  to  me  to  be  a  very  strong  argument  in  favour  of  laying  all 
the  cables  in  conduits  or  in  iron  pipes. 

In  his  paper  Professor  Forbes  stated  that  he  was  not  aware  of 
any  cable  which  had  lasted  more  than  three  or  four  yea^sjQQQQ[e 

Professor  Forbes  :  Lead-covered. 


248  SOME  EliECTBIG  LIGHTING,  Etc.  [March  2 Ut, 

Mr.  staart  Mr.  Stuart  Russell  :  Lead-covered ;  and  at  present,  in  this  dis- 

cussion, no  gentleman  has  given  any  instance  of  this.  Mr.  Lant 
Carpenter  said  he  knew  of  many  cables  which  had  been  very 
successful ;  but  I  think  it  is  a  matter  of  regret  that,  for  fear  of 
taking  up  the  time  of  the  meeting,  he  should  have  abstained 
from  naming  the  places.  These  cases  would,  I  think,  have  been 
of  the  greatest  value ;  because,  were  we  informed  as  to  the  con- 
ditions under  which  these  lead-covered  cables  had  been  success- 
ful, by  comparing  them  with  the  conditions  under  which  they 
have  been  known  to  fail,  we  should  have  got  some  very  valuable 
information,  and  possibly  have  got  a  very  good  line  to  work  on  as 
to  with  what  voltages  and  under  what  conditions  it  would  have 
been  safe  to  use  them,  and  when  not.  Mr*  Lant  Carpenter  also 
referred  to  the  question  of  putting  vulcanised  rubber  cables  under 
lead,  and  there  I  think  his  fears  were  unfounded.  He  imagined 
that  the  free  sulphur  in  the  rubber  would  affect  the  lead.  First 
of  all,  the  insulation  of  the  cable  does  not  depend  upon  the 
lead  covering,  and  many  vulcanised  cables  have  been  laid  without 
lead  covering,  and  have  been  in  constant  use  for  periods  up  to 
three  and  four  years.  Secondly,  the  amount  of  free  sulphur  in 
rubber  is  very  small  indeed  if  it  has  been  properly  vulcanised, 
and,  owing  to  the  interposition  of  one  or  more  compounded  tapes 
between  the  rubber  and  the  lead,  the  effect  of  the  sulphur  on  the 
lead  would  be  very  small,  as  the  compound  would  really  absorb 
the  sulphur  and  prevent  it  getting  at  the  lead.  I  fancy,  from 
experience  with  rubber-insulated  cables  covered  with  lead,  that 
there  is  really  nothing  to  be  feared  on  this  point,  and,  at  any 
rate,  that  the  destruction  of  the  lead  on  the  inner  surfiice  is  very 
much  less  than  that  which  takes  place  on  the  outer  surface,  even 
in  the  ordinary  soil.  Speaking  of  india-rubber  cables  reminds 
me  that  Mr.  A.  Siemens  said  that  one  of  the  disadvantages  of 
rubber  as  an  insulator  was  its  variability.  This  appears  to  me  to 
be  really  a  question  of  manufacture,  and  to  depend  on  the 
knowledge  of  the  qualities  of  rubber  that  the  manufacturer  has 
at  his  disposal.  Of  course  there  are  many  different  grades  of  raw 
rubber,  and  many  different  ways  of  treating  them,  and  it  is  t  only 
natural  to  expect  that  differences  in  the  manufEkctufed  article 
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will  occur,  just  as  they  occur  in  other  manufiwjtured  articles —  Mr.  stuart 
dynamos,  for  instance,  where  the  efiGlciencies  of  various  makers 
are  not  all  the  same.  But,  however,  I  am  informed  by  those  who 
have  made  a  special  study  of  the  particular  question,  that  by 
using  one  of  the  four  or  five  dififerent  kinds  of  good  rubber,  and 
by  treating  it  exactly  in  the  same  way,  there  is  no  practical 
difficulty  whatever  in  reproducing  rubbers  of  the  same  quality, 
and  therefore  this  disadvantage  which  is  attributed  to  rubber  is 
really  not  an  important  one  at  all. 

I  will  now  pass  to  another  class  of  main  altogether — ^that 
advocated  by  Mr.  Crompton — and  here  I  think  the  one  point  to 
look  at  is,  that  although  air  insulation  is  a  very  excellent  thing  in 
itself,  there  is  always  the  danger  of  its  perhaps  at  some  time 
becoming  water  insulation.  Overhead  telegraph  lines,  I  believe, 
are  not  always  perfect,  and  I  think  that  in  many  respects  they  are 
in  quite  as  good  a  condition  as  a  bare  wire  in  a  trench.  We  have 
heard  great  outcries  about  the  breakdown  of  overhead  lines 
through  a  snowstorm;  but  suppose  we  imagine  a  case,  which  is 
really  not  less  probable  than  that  of  the  snowstorm,  viz.,  that  of 
the  trench  getting  flooded  from  exceptionally  heavy  rains  or  the 
bursting  of  a  drain ;  I  think  that  the  outcry  raised  on  such  an 
occasion  as  that  would  be  even  more  serious  still. 

We  have  to  thank  Professor  Forbes  for  the  suggestion  in  his 
paper  which  has  brought  forth  from  Mr.  Crompton  the  statement 
of  a  test  of  these  mains,  but  our  information  wants  supplement- 
ing on  this  point.  I  remember,  at  a  previous  meeting  in  this 
room,  that  Mr.  Crompton,  with  a  frankness  which  really  cannot  be 
too  much  praised,  stated  that  "  of  course  he  chose  his  time  for 
"  testing."  Now  the  time  chosen  would  depend  upon  what  you 
really  wish  to  get,  and  it  would  be  interesting  to  know  whether 
the  result  given  is  a  maximum  or  a  minimum,  or  whether  we  are 
to  take  it  as  the  happy  mean.  The  actual  result  of  the  test— 
380,000  ohms,  I  think  Mr.  Crompton  said,  per  mile — does  not  seem 
very  high,  and  Mr.  Crompton  explained  that  by  saying  that  the 
greater  part  of  the  leakage  he  thought  was  at  the  joints  where 
the  ordinary  covered  cables  were  joined  to  his  bare  mains.  If 
that  be  so,  it  seems  to  be  a  great  disadvantage  to  the  system,  for 
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Mr.  stiurt  in  advoicating  it  Mr.  Crompton  said  that  he  was  looking  forward  to 
the  time  when  every  second  or  third  house  would  have  a  branch 
to  it ;  and  if  the  few  branches  which  I  understand  were  on  the 
main  tested,  gave  a  resistance  of  only  380,000  ohms,  when  we 
come  to  get  a  branch  every  20  or  30  yards  we  must  expect  the 
insulation  resistance  to  be  very  much  decreased  indeed. 

Another  system  has  been  mentioned  (the  Edison  tube),  and  I 
have  noticed  with  regard  to  it  that  although  it  has  met  with  a 
very  large  amount  of  success,  yet  it  is  not,  according  to  my  mind, 
a  perfect  system.  There  has  been  considerable  trouble  in  one  or 
two  Continental  stations,  so  much  so  that  the  tubes  have  been 
pulled  up,  and  I  understand  they  are  possibly  to  be  abandoned 
and  replaced  by  some  other  system. 

I  also  find  that  in  America  some  of  the  local  Edison  Companies 
have  given  up  the  use  of  the  Edison  tubes,  and  are  using  cables 
in  place  of  them ;  and  in  France,  in  the  recent  installation 
at  the  Palais  Boyal,  I  am  informed  that  india-rubber  cables  are 
being  used  by  the  local  Edison  Company,  as  also  in  the  Opera 
House.  I  do  not  know  whether  this  is  a  question  of  cost  or  of  the 
efficiency  of  the  cable,  and  possibly  some  other  gentleman  now 
present  who  is  more  acquainted  with  the  Edison  work  may  be 
able  to  throw  some  light  on  the  subject. 

I  would  conclude  by  thanking  Professor  Forbes  for  the  paper 
that  he  has  put  before  us :  and  although  some  speakers  at  the  last 
meeting  seemed  to  rather  take  exception  to  being  taught  by  our 
Contintental  brethren,  I  would  suggest  that,  even  though  all  their 
work  had  been  a  failure,  which  it  undoubtedly  has  not,  their 
experience  would  be  of  most  undoubted  use  to  us ;  as  the  next  best 
thing  to  knowing  exactly  how  to  do  it,  is  to  know  what  to  avoid. 
Mr.  Wright.  Mr.  A.  Wright  :  Although  I  have  come  up  from  Brighton  un- 
prepared to  speak,  I  cannot  help  expressing  my  disappointment  at 
not  hearing  from  Professor  Forbes  certain  data  and  figures  which 
would  have  been  extremely  valuable  to  central  station  engineers. 
The  most  valuable  fiwt  to  be  learned  from  the  experience  of  foreign 
stations  is  the  average  cost  of  production  of  the  electric  light,  or 
the  average  number  of  pounds  of  coal  consumed  per  unit  pro- 
duced for  the  different  systems  employed ;  also,  I  looked  for  a 
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statement  as  to  the  ratio  of  the  average  current  to  the  maximum  Mr.  wrighu 
required.  These  are  facts  that  are  extremely  important,  and 
aboat  which  we  have  not  heard  a  word  from  Professor  Forbes.  I 
think,  also,  we  might  have  had  some  information  about  the  con- 
centric mains,  which  is  a  system  interesting  a  great  many 
engineers  now.  I  should  like  to  know  whether,  in  the  towns 
where  these  concentric  mains  have  been  used,  there  has  been  any 
interference  in  the  telephone  or  telegraph  systems. 

The  question  of  the  subdivision  of  plant  is  also  a  subject 
which  I  should  have  thought  would  have  formed  part  of  Professor 
Forbes's  paper.  How  to  divide  the  maximum  load  curve ;  into 
what  units  the  generating  power  was  divided — I  hope  that 
Professor  Forbes,  in  his  answers,  will  give  us  the  benefit  of  these 
experiences. 

If  I  had  come  prepared  to  speak  to-night,  I  should  have  been 
very  happy  to  give  certain  figures  relating  to  the  above  problems 
as  determined  in  Brighton. 

The  Chairman:  The  very  information  you  mention  in  con- 
nection with  Brighton  will  be  most  acceptable. 

Mr.  Weight  :  I  am  sorry  I  am  not  prepared  to  give  the 
information  from  memory. 

The  Chairman  :  Surely,  with  your  long  and  valuable  experi- 
ence, you  can  give  us  some  information. 

Mr.  Wright:  I  may  say  that  the  average  number  of 
pounds  of  coal  used  throughout  the  year  per  unit  on  the  old 
Brush  multiple-series  system  was  24  lbs.,  while  with  the  new 
alternating  system,  with  Elwell-Parker  dynamos  and  converters, 
driven  from  the  same  engines,  this  figure  comes  up  to  nearly 
25  lbs. ;  showing  that  the  Brush  multiple-series  system  seems  to  be 
slightly  more  efficient  than  the  modem  alternating  system  with 
Elwell-Parker  dynamos.  I  believe  the  higher  coal  cost  of  the 
alternating  system  is  due  to  the  excessive  day  and  night  magnetis- 
ing currents  required  by  the  Lowrie-Hall  transformers.  The  ratio 
of  the  maximum  current  to  the  average  daily  current  at  Brighton 
appears  in  December  to  be  five,  and  the  proper  division  of  plant 
at  Brighton  would  be  by  four  equal  units. 

I  should  like  to  mention  a  fact  about  the  cost  of  running 
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Mr.  Wright,  transformers  empty,  or  of  magnetising  transformers  in  the  day- 
time: this  has,  I  consider,  a  very  important  bearing.  It  is 
generally  supposed,  from  theoretical  reasons,  that  the  work  in 
magnetising  the  transformer  is  practically  nothing,  the  lag 
being  nearly  90  degrees;  but  we  have  taken  a  long  series  of 
power  measurements  to  find  out  whether  the  4  or  5  amperes  sent 
out  in  the  daytime  at  Brighton  meant  work  or  not,  and  we  find 
that  4  amperes  with  the  secondaries  open  absorb  as  much 
power  as  4  amperes  and  2,000  volts  running  on  dead  resistance. 
I  mention  this  because  it  seems  a  common  impression  that  4 
or  5  amperes  of  magnetising  current  mean  no  work  on  the 
engine,  whereas  it  means  a  great  deal  of  work. 

Mr.  wyiea.  j^^  Y.  Wyles  :  I  have  never  had  any  difficulty  in  coupling 
machines  in  parallel. 

Professor  Gr.  Forbes  :  Up  to  what  sizes  ? 

Mr.  F.  Wyles  :  I  have  had  no  experience  with  large  machiiies. 

^^^  The  Chairman  :  Will  Mr.  Eddison  give  us  some  information 

about  lead-covered  wire  ? 

Edison  -^^  ^"  ^*  E^^^ON :  I  did  not  attend  this  meeting  with  the 

expectation  of  saying  anything  on  the  subject  of  lead-covered  cables, 
but  I  came  rather  in  the  hope  of  hearing  from  Professor  Forbes 
the  reasons  why  Lead-covered  Gables  were  supposed  to  have  iailed 
so  rapidly  as  he  stated  they  had  done  in  some  instances.     It 
would  be  interesting  to   know  whether  the  cables  alluded  to 
had  been  drawn  into  lead  pipes,  or  in  what  way  the  lead  had 
been  applied,  and  also  the  nature  of  the  dielectric.     I  think 
there  is  no  reason  why  the  lead  covering  of  a  telegraph  or 
electric  light  cable   should    fail    any    more    readily    than   an 
ordinary  lead  water-pipe,   if  the  lead  be  applied  in  a  proper 
manner,   the   cables   laid   with    ordinary  care,   and   all  joints 
properly  made.      My  experience   in  the  manufacture  of  lead- 
covered  cables  does  not  extend  for  ^^  three  years,"  but  I  shall 
be  very  glad  in  the  course  of  another  twelve  months,  to  give 
particulars  of   lead-covered    cables    that  will  then  have  been 
working  beyond  Professor  Forbes's  limit.      Up  to  the  present 
time  I  have  not  found  any  of  our  lead-covered  cables  to  {sdl 

~^  either  in  lowering   of   the   insulation  (as  mentioned   by  Mr. 
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Eussell)  or  through  deterioration  of  the  lead  covering,  unless  Mr. 
it  has  received  external  injury. 

The   Chaibman  :   Some  notes  have  been  sent,  since  the  last  Profeaaor 
meeting,  by  General  Webber,  who  is  unfortunately  unable  to  be 
present  this  evening. 

The  Secretary  read  the  following  communication  from 
General  C.  E,  Webber : — 

"  Most  of  the  speakers  in  this  discussion  have  either  commenced  Sf  "t®*™* 

*  Webber. 

<<  or  finished  their  remarks  with  cordial  expressions  of  admiration 
"  for  Professor  Forbes's  paper,  but  in  the  body  of  their  remarks 
**  have  been  very  scant  of  anything  but  adverse  comment. 

**  The  Professor  has  been  twitted  with  oblivion,  and  neglect  of 
"  what  engineers  in  this  country  have  already  accomplished ;  and 
**  Mr.  Preece  has  given  us  a  list  of  companies  who  are  suppliers 
**of  electricity,  and  asks  the  author,  have  they  not  accom- 
'^plished  more  than  he  seems  inclined  to  give  them  credit 
"for. 

"  It  is  quite  true  that  designs  of  systems  which  show  the  most 
**  complete  acquaintance  with  all  the  conditions  which  the  Pro- 
"  fessor  seems  to  imply  that  English  engineers  are  ignorant  of 
"  have  been  carefully  elaborated  by  many  of  us. 

"  In  my  own  case  I  was  led  to  look  up  some  papers  connected 
"with  Chelsea,  and  I  find  that  a  complete  specification  for  a 
"  system  in  the  north-east  part  of  that  parish,  requiring  distribu- 
**  tion  by  direct  low-tension  current  on  the  three-wire  system,  was 
**  printed  for  private  circulation  in  1884,  and  that  my  figures,  &c., 
"  were  checked  and  approved  at  that  time  by  Professor  Ayrton, 
"  The  capital  cost  was  £48,000.  The  chief  difference  between 
"  that  estimate  and  others  made  later,  lies  in  an  overestimate  of  the 
**  number  of  householders  who  are  likely  to  take  the  electric  light 
**  within  such  an  area.  We  then  estimated  for  every  house, 
"  whereas  experience  has  since  shown  that  one  in  three  is  nearer 
"  the  mark. 

"  Many  here  can  point  to  similar  labours,  and  can  give  the 
'^  well-understood  reasons  why  so  little  real  work  followed. 

"Bat  I  feel  that  we  must  bona  fide  congratulate  Professor 
"  Forbes  on  the  way  he  has  occupied  the  ground  on  the  subject 
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"  of  distribution,  of  which,  as  we  all  know,  he  has  made  a  special 
"  study  for  many  years. 

"  If  it  is  the  case  that  this  part  of  electric  lighting  has  received 
"  little  genuine  development  in  this  country,  he  cannot  have  done 
"  us  a  greater  service  than  by  telling  us  what  has  been  done  in 
"  that  direction  elsewhere. 

"  We  have  been  called  on,  in  the  course  of  the  discussion,  to 
*'  admire  what  several  enterprising  companies  have  accomplished 
**  in  London  and  other  towns ;  but  I  feel  sure  that  Professor  Forbes, 
"  in  his  reply,  will  bear  me  out  when  I  say  that  most  of  them,  by 
"their  manTier  of  distribution,  have  done  far  more  to  hinder 
"  electric  lighting  than  to  advance  it. 

"I  do  not  refer  to  the  unsightliness  of  overhead  cables  so 
"  much  as  to  the  absolute  want  of  system  of  any  kind  in  arrang- 
"  ing  for  their  routes  as  a  means  of  town  distribution. 

"I  venture  to  put  it  thus:  Would  any  one  who  has  had 
"experience  of  this  kind  of  construction  for  aerial  electrical 
"  conductors  in  towns,  estimate  the  value  of  the  lines  we  see  here 
"  and  there  in  London,  at  more  than  their  value  as  old  material 
*'  after  being  taken  down,  supposing  he  represented  a  company 
"which  is  acting  under  the  powers  and  regulations  of  a  Pro- 
"  visional  Order  that  had  been  asked  to  take  them  over  ? 

"  I  think  not.  I  have  never  seen  one,  except  perhaps  for  use 
"  as  a  feeder,  that  would  be  of  any  assistance  whatever  to  under- 
"  takers  who  had  seriously  to  establish  a  system  of  distributing 
"  mains  in  a  district.  Unless  they  already  existed,  no  one  would 
"  have  anything  to  do  with  them  even  as  feeders. 

**  Considering  the  absolute  insecurity  of  tenure  for  the  poles 
"  and  supports,  and  of  way-leave  for  the  conductors  passing  over 
"  private  property,  I  do  not  think  that  any  congratulation  can  be 
"  offered  to  those  who  have  been  beguiled  to  countenance  their 
"  money  being  spent  in  that  way. 

"  I  should  be  glad  to  know  what  arrangements  have  guided 
"  those  responsible  for  designing  these  systems  other  than  hazard 
"  and  the  caprice  of  the  people  who  are  applied  to  for  way-leave. 
"  Have  they  any  feeding  mains  ?  Are  there  any  points  where  the 
"  electrical  pressure  is  equally  maintained  ?     Have  they  any  pilot 
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^^  wires  ?    What  precautions  have  been  taken  to  secure  the  safety  oenenj 

Webber. 

**  of  the  public  ?  Have  they  lightning  protectors  ?  Can  part  of  a 
**  system  be  isolated  in  case  of  a  fire  ?  Are  the  mains  well  out  of 
"  reach  in  passing  other  structures  ? 

"  No  wonder  Professor  Forbes  indirectly  criticises  the  work  in 
"this  country,  by  describing  what  is  done  in  other  parts  of 
"  Europe,  when,  with  few  eocceptions,  our  distribution  systems 
**  bear  little  evidence  of  good  engineering  or  scientific  knowledge, 

**  At  one  time  of  my  life  no  one  was  a  stronger  advocate  of 
**  that  best  of  all  insulators,  namely,  the  air,  in  connection  with 
"  telegraph  and  telephone  lines,  and  no  one  more  believed  that  it 
^'  required  better  engineering  skill  to  put  up  a  good  overhead  line 
^'  than  to  lay  one  down  underground. 

"  But  the  {)oints  to  be  reached  by  the  wires  for  those  purposes 
'^  are  isolated  and  scattered.  On  the  other  hand,  the  houses  to  be 
"  supplied  with  current  for  electric  lighting,  under  the  compulsory 
"  provisions  of  a  Provisional  Order  or  license,  are  almost  next  door 
"  to  one  another  and  in  straight  lines.  Hence,  while  overhead 
"lines  are  suitable  for  the  one  service,  they  are  eminently  ill- 
"  adapted  to  the  other. 

"  We  are  told  that  we  ought  to  be  grateful  to  those  who  have 
**  carried  their  conductors  overhead  from  their  stations  in  all  direc- 
"  tions  to  isolated  wealthy  customers. 

"  I  challenge  any  one  to  prove  that  the  industry  has  been  in 
"  any  way  benefited  or  promoted  by  the  unbusiness-like  proce- 
"  dure  I  have  described,  or  that  the  example  of  those  wealthy 
"  customers  will  promote  the  more  general  use  of  the  light.  On 
"  the  contrary,  their  indiflTerence  to  price  has,  if  anything,  tended 
"  to  discourage  their  less  wealthy  neighbours,  and  to  give  the 
"  impression   that   it  is  a   costly  luxury  instead   of  a  welcome 


"  Professor  Forbes  has  told  us  what  the  concessionaires  under 
"  Continental  municipalities  have  been  obliged  to  do.  Any  one 
"  who  has  seen  (as  I  have)  many  of  the  regulations  under  which 
**  the  right  to  light  some  of  the  Continental  cities  is  conceded, 
"  will  recognise  the  wisdom  of  those  charged  with  the  preserva- 
"  tion  of  the  public  safety  and  interests,  and  can  only  regret  that 
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General       ^  the  extraordinary  state  of  oar  municipal  law  did  not  long  ago 
"  give  OUT  local  aathorities  similar  powers. 

*^  My  contentions  are  very  much  supported  by  the  fact  that 
"  some  of  those  whom  I  take  the  liberty  to  style  *  offenders,* 
^*  instead  of  benefactors,  are  now  seeking  to  place  themselves 
**  under  Board  of  Trade  control,  when,  if  I  am  not  mistaken,  they 

"  will  have  to  retrace  many  a  weary  step. 

"  C.  E.  Webber. 

•*19tMfarc^I889." 

Mr.  Kiitc.  Mr.  D.  C.  Bate  :  May  I  ask  Professor  Forbes  what  he  alludes 

to  in  his  paper  when  he  says  that  at  Berlin  "the  system  of 
^'  feeders  and  mains  has  been  adopted  to  produce  as  small  a 
"  variation  of  pressure  in  the  mains  as  possible.  This  is  accom- 
"  plished  by  having  a  large  number  of  converters." 

Professor  G.  Forbes  :  I  think  that  is  feeders :  it  is  a  misprint. 

Mr.  D.  C.  Bate  :  As  I  thought :  it  was  a  direct-working 
system  ? 

Professor  G.  Forbes  :  Yes. 

Mr.  D.  C.  Bate  :  I  would  just  add  a  word  or  two  to  the 
discussion  on  the  question  of  underground  mains.  It  appears 
that  beyond  doubt  some  mains  failed  at  Berlin,  whosesoever  they 
were,  and  that,  as  has  been  usually  the  custom,  those  mains 
were  expensively  insulated ;  probably  when  they  were  first  put 
down,  they  tested  to  a  high  number  of  megohms  of  insulation 
resistance,  and  yet  in  something  less  than  three  years  there 
were  200  aad  odd  metres  which  had  to  be  cut  out. 
Mr.  Mr.  Alexander  Siemens  :   Please  do  not  forgret  that  it  was 

Hiemena  ^ 

not  the  cables  that  were  laid  in  1885  which  failed,  but  those 
which  were  laid  last  year  and  the  year  before.  Professor  Forbes 
was  uninformed  on  that  point :  it  was  not  the  old  but  the  new 
cables  that  failed,  and  the  cause  was  undoubtedly  traced  to 
mechanical  starting  of  the  faults. 
51..  Bate.  Mr.  D.  C.  Bate  :   I  quite   understood   Mr.  Siemens  to  have 

made  it  perfectly  clear  to  us  that  it  was  not  the  old  cables, 
but  it  was  some  cables  that  failed. 

Mr.  Alexander  Siemens  :  Yes  :  mechanically,     r^         i 
Mr.  V.  C.  Bate:  If  it  was  the  new  ones  that  had  been 
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-worked  for  a  short  time  only,  I  think  that  that  only  strengthens  Mr.  Bate, 
my  argument  that  cables  failed  within  a  very  short  time,  by 
mechanical  injury  in  some  cases  ;  but  in  some  cases — six,  I  think 
a  previous  speaker  has  said — ^they  failed  from  some  unexplained 
reason,  which  might  be  electrical  or  might  not ;  at  any  rate, 
they  did  fail.  The  point  I  wish  to  bring  out  is  this — that  the 
ultimate  court  of  appeal  which  will  decide  whether  electric 
lighting  is  to  be  a  success  or  whether  it  is  not,  is  to  be  the 
pocket  of  the  shareholder,  and  the  dividend  which  the  central 
station  will  pay.  Now,  Sir,  if  you  are  to  put  down  mains  in 
-which  your  copper  is  but  a  small  percentage  of  the  total  cost, 
and  those  mains  are  to  fail,  as  these  and  other  mains  appear 
to  have  done,  pretty  quickly,  you  have  only  the  copper  as  an 
asset  to  sell  for  old  copper  ;  the  insulation  is  worth  nothing 
after  it  has  been  put  on  to  the  cable,  however  much  it  cost  to 
put  it  there,  and  however  much  it  cost  as  insulating  material. 
I  therefore  think  that  it  is  quite  possible  to  overdo  the  cost 
of  underground  mains.  I  fancy  that  many  well-known  makers 
would  make  cables  with  an  insulation  of  100  megohms  a  mile 
in  which  the  copper  would  cost  about  50  per  cent,  of  the  total 
outlay.  These,  we  will  suppose,  last  three  years  ;  they  are  not 
going  to  fail  all  along  the  line,-^they  are  not  to  come  full  of 
pinholes  like  a  colander, — but  they  will  fail  in  specific  points, 
as,  to  quote  Berlin  again,  where  only  200  odd  metres  out  of  a 
very  large  number  failed,  and  therefore  it  will  be  perfectly  easy 
to  replace  them  at  a  comparatively  small  outlay.  If,  however, 
you  have  to  replace  heavily  insulated  mains,  even  supposing 
they  last  double  the  time,  they  will  cost  treble  the  amount  or 
more,  and  the  interest  on  capital  that  will  be  expended  will 
be  so  great  that  I  venture  to  think  it  will  probably  overbalance 
the  cost  of  repairs  on  a  less  insulated  cable.  One  hundred 
megohms  per  mile  seems  to  be  a  pretty  good  insulation  if  it 
can  be  kept,  and  I  venture  to  say  that  probably  ten  would 
be  sufficient  for  safety  and  good  working.  Suppose  you  put 
down  a  cable  with  500  megohms  a  mile,  is  it  going  to  last 
five  times  as  long  as  one  of  100  megohms  would  last  ?  and  if 
it  does  not,  where  is  the  advantage  of  putting  so  much  money 
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Uf.  Bftte.  underground  to  have  to  pay  interest  on  capital,  when  a  very 
small  amount  of  repairs  on  a  less  insulated  cable  would  probably 
keep  it  just  as  long  as  the  better  insulated  one  ?  I  think  I 
have  heard  that  one  central  station  in  England  uses  a  main 
which  costs  something  like  j£180  a  mile,  whereas  a  cable  of 
100  megohms  would  only  cost  somewhere  about  £50  a  mile. 
I  am  speaking  of  -^  wire. 

Passing  from  cables,  I  would  remark,  as  regards  the  switch- 
ing-in  of  large  dynamos,  that  I  have  a  pretty  good  memory 
that  at  the  Edison  station  on  the  Holbom  Viaduct,  with  Dr. 
Hopkinson's  differentially  wound  voltmeter,  we  were  enabled  to 
put  the  two  "Jumbo"  machines,  alternately  or  together,  into 
the  mains  without  having  to  get  either  of  them  up  to  fall 
load  before  doing  so.  One  high-resistance  wire  was  put  across 
the  mains  of  the  working  dynamo,  the  second  one  was  then  started 
with  its  poles  in  connection  with  the  other  winding;  as  soon 
as  the  potential  of  the  second  dynamo  became  as  great  as  the 
first,  it  switched  itself  in  within  a  volt  or  two  of  the  right 
potential,  and  either  speeded  up  or  slowed  down  as  might  be. 

Mr.  MoKiey  Mr.  W.  M.  MoRDEY :  As  to  workiug  large  continuous-current 
machines  in  parallel,  I  may  point  out  that  it  is  rather  easier  to 
work  such  machines  parallel,  if  they  have  a  considerable  drop 
in  the  characteristic.  Most  modem  machines  change  from  a 
generator  to  a  motor  within  a  very  short  range  of  speed,  but 
machines  such  as  the  "  Jumbo  "  Edison  machines  had,  I  think,  a 
considerable  drop,  and  a  good  many  machines  at  present  are 
made,  perhaps  purposely,  with  a  considerable  drop;  and  such 
machines,  whether  shunt  or  compound,  are  more  easily  put  in 
parallel  than  machines  that  have  a  nearly  straight  characteristic 
In  his  paper,  page  172,  Professor  Forbes  alludes  to  two  150  H.P. 
alternators  that  are  self-exciting,  and  to  two  larger  ones  of 
600  H.P.  each  which  are  independently  excited.  That  is  rather 
instructive.  It  appears  to  be  the  practice  of  those  who  have 
had  most  experience  in  alternators  to  use  independent  exciters 
for  large  machines;  the  old  practice  which  originated  with 
Wilde,  or  before  him,  was  to  commute  the  alternating  current 
and  use  it  for  the  fields.     Here  we  have  Zipemowski  using  large 
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machines  of  150  H.P.  self-excited.  I  have  not  had  any  ex-  Mr.  Mordey. 
perience  with  self-exciting  alternators,  and  should  Uke  to  know  if 
Professor  Forbes  has  any  information  as  to  the  relative  efficiency 
of  excitation,  and  of  the  relative  efficiency  of  the  whole  machine 
with  self-excitation,  and  with  independent  excitation.  With  self- 
excitation  there  must  be  a  good  deal  of  inductional  loss,  and  the 
difficulty  of  getting  a  good  commutator  collection  is  perhaps 
considerable. 

The  Edison  meter  was  alluded  to  by  Professor  Forbes  as  being 

largely  used  at  Milan,  and  he  also  spoke  very  highly  of  it  in 

his  recent  paper  at  the  Society  of  Arts.     I  refer  to  the  Edison 

electrolytic  meter,  and    I   wish   to  ask   for   some    information 

about  it,  which  I  dare  say  a  good  many  here  would  also  be 

glad  tp  have,  as  to  how  such  meters  are  put  into  circuit.    For 

constant-current  work,  where  you  simply   want  to  put  such  a 

meter,  for  instance,  across  a  group  of  incandescent  lamps  or  across 

an  arc  lamp,  and  to  get  a  constant  effect  as  long  as  it  is  on, 

the  problem  is  easy  enough;  but  Edison  in  America,  and  the 

Edison  people  in  Milan,  use  the  electrolytic  meter  exclusively  for 

parallel,  where  the  conditions  are  not  so  simple.    The  difficulty 

that  I  have  found,  in  a  few  experiments  I  have  made,  has  been 

that  unless  a  perceptible  resistance  is  put  into  the  circuit  you  do 

not  get  any  deposit  at  all  with  very  light  loads.     If  you  put  such 

a  resistance  into  the  circuit  as  to  give  a  sufficient  deposit  with 

light  loads,  then  the  fall  of  potential  due  to  that  resistance  when 

the  load  becomes  heavy  is  quite  serious.    I  believe  that  that  may 

have  been  overcome  to  a  certain  extent  by  using  zinc  and  a  pure 

zinc-sulphate  solution,  but  I  found  that  difficulty  with  ordinary 

copper  sulphate ;  and  I  should  like  to  know  what  the  resistance  is 

across  which  the  cell  is  placed,  what  the  electrolyte  is,  what  the 

metals  are,  what  is  the  percentage  loss  with  the  greatest  current 

that  is  taken  through  those   meters,  and  what  is  the  greatest 

proportional  range. 

I  fully  endorse  all  that  Professor  Forbes  has  said  about  the 
beautiful  effect  produced  in  Milan  by  the  arc  lighting  in  the 
streets :  it  certainly  is  magnificent.  The  photographs  on  the  wall 
show  the  square  in  front  of  the  Cathedral.    That  is  an  ordinary 

VOL.  xvin.  19 
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Mr.  Mordcy.  case  of  lighting  a  square  such  as  may  be  seen  anywhere,  with  the 
lamps  on  posts;  but  the  lighting  of  the  streets  is  different. 
There  are  about  seven  main  streets  branching  out  from  the 
Cathedral  to  the  gates  of  the  city,  and  the  effect  of  the  lighting 
in  these  streets  is  very  fine.  But  we  ought  to  remember  that 
the  working  conditions  in  Milan  are  very  different  to  the 
conditions  existing  here.  In  Milan  they  have  the  ordinary 
Continental  arrangement  of  high  houses,  generally  white  or  light 
coloured,  and  the  lamps  are  hung  in  the  middle  of  the  road  by 
steel  cables  passing  across  from  one  house  to  the  other.  Now, 
with  our  grandmotherly  system  of  government,  and  with  all  the 
authorities  and  interests  that  we  have  to  consult  and  consider, 
there  would  be  considerable  opposition  if  anybody  spoke  of 
putting  a  cable  across  the  street  to  hang  an  arc  lamp  on ;  yet  it  is 
fetr  the  best  system ;  it  is  not  at  all  unsightly.  The  steel  wire  is  a 
very  small  thing ;  it  can  be  tightened  up  by  a  screw  eyelet  let  into 
the  wall,  and  the  whole  thing  is  as  convenient  as  it  can  be  made. 
The  wires  are  run  along  the  front  of  the  houses  under  the 
windows,  and  are  from  there  taken  out  to  the  lamps.  The 
lighting  of  Milan  is  quite  an  example  of  what  street  electric 
lighting  should  be,  but  I  am  quite  sure  that  it  would  not  be  per- 
mitted in  an  English  town — ^not  for  any  sound  reason,  but  simply 
because  we  are  behind  in  these  matters. 

I  should  also  like  to  get  some  information  as  to  an  English 
installation  about  which  much  has  been  said — that  at  West 
Brompton.  I  find  that  they  are  putting  lead-covered  cables  down 
in  iron  pipes,  and  that  these  lead-covered  cables  are  put  down 
singly.  This  is  a  thing  that  probably  a  good  many  others  here 
have  noticed :  I  know  that  Mr.  Fricker  has  noticed  it,  and 
probably  others.  Instead  of  insulating  the  two  wires  and  putting 
them  into  one  covering,  I  am  told  that  each  conductor  is  put  in 
a  separate  lead  covering.  In  the  discussion  on  Mr.  Kapp's  paper 
at  the  Institution  of  Civil  Engineers  the  other  day,  one  of  the 
engineers  of  the  West  Brompton  station  showed  some  very  pretty 
and  ingenious  arrangements  for  making  a  watertight  and  well* 
i  insulated  cover  joint  at  the  T  connections  to  the  lead-covered 

^^         cables.    That  arrangement  showed  that  the  wires  were  to  be  used 
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singly.  Now,  is  ifc  not  a  canon  of  underground  work,  where' alter-  kr.  Monies. 
nating  currents  are  used,  that  the  cables  should  be  either  con- 
centric, or  that  they  should  both,  if  enclosed  at  all,  be  enclosed 
in  the  same  metallic  envelope,  otherwise  the  maximum  waste  is 
incurred?  I  wish  to  ask  if  Professor  Forbes  has  noticed  this, 
and  if  he  can  support  the  practice  that  is  to  be  carried  out  at 
West  Brompton.  If  he  cannot,  I  think  it  is  best  for  all  con- 
cerned that  attention  should  be  drawn  to  the  mistake  that  is 
perhaps  being  made  at  West  Brompton* 

Mr.  W.  !!•  Preece  :  I  should  just  like  to  say  one  word  in  Mr.  Preece. 
reply  to  Mr.  Mordey,  to  point  out  that  the  plan  of  suspending 
lamps  in  the  centre  of  the  streets  was  my  proposition  to  the  City 
authorities,  and  some  five  or  six  years  ago  I  experimented  on 
those  lines  at  Wimbledon.  The  main  thoroughfare  at  Wimbledon 
was  lighted  with  lamps  suspended  over  the  centre  of  the  streets, 
and  there  is  no  doubt  it  is  the  most  efficient  and  the  most 
e£feotive  way  of  lighting  a  town ;  but  the  practical,  serious,  and 
almost  insunnountable  objection  is,  that  the  wires  and  supports 
must  be  carried  at  a  sufficient  height  to  allow  the  fire  escapes  to 
pass  through  without  any  danger,  and  were  it  not  for  the  existence 
of  fire  escapes  we  certainly  should  have  our  streets  lighted  in  the 
way  that  they  are  lighted  in  Milan. 

The  Chairman  :  I  am  afiraid  it  would  be  very  difficult  to  go  Professor 
roimd  a  sharp  comer  with  a  fire  escape  in  a  horizontal  position :  it 
would  probably  be  awkward  for  persons  on  the  other  side  of  the 
comer;  however,  it  might  be  taken  at  a  better  angle  than  at 
present,  and  I  like  Mr.  Mordey's  idea  of  a  firont  wheel,  but  I  would 
not  advocate  his  suggestion  that  the  position  of  the  escape  in 
motion  should  be  perfectly  horizontal,  otherwise  perhaps,  like 
Stevenson,  who  proposed  to  have  trains  going  as  fast  as  10  miles 
an  hour,  he  may  thwart  his  own  plans  by  the  daring  character 
of  his  proposition. 

As  no  one  else  appears  to  wish  to  make  any  remarks,  I  will, 
without  detaining  you  very  long,  make  a  few  suggestions  in 
closing  the  discussion.  In  his  paper  Professor  Forbes  commenced 
by  apologising  for  going  abroad,  seeing  what  is  being  done  there^ 
coming  back  and  telling  us.    Why  he  should  think  it  necessary 
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Professor  to  make  an  apology  I  really  cannot  understand*  If  he  is  willing 
to  go  abroad,  to  learn  all  he  can,  to  come  back  here  and 
immediately  give  us  full  information,  I  think  he  is  to  be 
extremely  thanked  by  us,  and  so  far  from  apology  being  necessary 
from  him,  our  gratitude  is  due  to  him  for  his  labours  and  for  the 
information  he  brings  us.  He  has  been  taken  to  task  because 
he  has  not  visited  some  of  our  London  central  stations ;  but 
we  do  not  blame  a  Stanley  or  a  Livingstone  because  they 
are  not  perfectly  familiar  with  the  sub-tropical  garden  in 
Battersea  Park ;  so  that,  even  if  Professor  Forbes  has  not  seen 
some  of  the  installations  that  exist  in  London,  he  does  not 
merit  blame  at  our  hands  on  that  account,  especially  as  we 
possess  the  very  simple  remedy  of  going  and  seeing  these  for 
ourselves.  He  has,  no  doubt,  as  Mr.  Wright  has  pointed  out,  not 
given  us  perhaps  as  much  information  as  we  should  have  liked  to 
have  had,  but  probably  he  has  given  us  all  the  information  he 
could  obtain,  as  to  the  cost  of  working  these  various  installations ; 
but  one  thing  he  has  given  us  which  is  of  interest,  and  that  is  the 
cost  at  which  the  electric  power  is  supplied  to  consumers*  I 
have  made  a  comparison  to  see  whether  it  was  cheaper  or  dearer 
than  gas — i.6.,  what  was  about  the  proportion  in  cost  of  electric 
light  to  gas  in  places  where  the  electric  current  was  generated  on 
a  far  bigger  scale  than  it  has  hitherto  been  done  in,  say,  Great 
Britain — and  I  find  that  the  proportion  seems  to  be  somewhat  the 
same.  In  Berlin  the  price  of  the  electric  power  is  equivalent  to 
>bout  8s.  3d.  per  1,000  cubic  feet  of  gas — that  is,  nearly  twice  the 
actual  price  of  gas  in  Berlin,  which  is  4s.  lOd.  In  Milan  the 
price  of  electric  power  is  equivalent  to  8s.  8d.  per  1,000  cubic  feet 
of  gas — gas  there  was  originally  a  little  more  than  the  cost  of  the 
electric  light,  but  it  has  been  reduced  to  6s.  9d.  In  England,  with 
our  largest  proposed  distribution — the  Deptford  installation — the 
price  will  be  equivalent  to  gas  at  6s.  3d.  per  1,000  cubic  feet.  In 
these  and  other  cases  that  I  have  been  able  to  examine,  it  seems 
that  the  price  of  electric  power  is  very  nearly  100  per  cent,  more 
than  the  price  of  gas  at  the  particular  place.  Whether  that  is 
because  the  consumers  of  electric  power  appear  wUling  to  paj 
about  twice  as  much  as  for  gas,  and  therefore  the  suppliers  of 
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electricity  have  not  unnatxirally  fixed  that  as  the  price,  or  whether  profMsor 

Ayrton 

that  is  the  lowest  price  that  suppliers  of  electric  power  can  furnish 
the  electric  light  for,  in  order  to  enable  them  to  pay  a  fair 
dividend,  I  do  not  know.  But  it  is  really  an  interesting  point  to 
ascertain  what  is  the  lowest  price  that  it  is  possible  to  supply 
electricity  at  on  a  large  scale  in  a  given  place,  compared  with  the 
price  of  supplying  gas  at  that  place,  both  being  produced  by  the 
consumption  of  coal.  Is  it  possible  to  distribute  electric  power 
on  a  very  large  scale  cheaper  than  gas  is  sold  at  in  the  houses  ? 

Beference  was  made  more  than  once  by  Professor  Fx)rbe8  as  to 
the  non-adoption  of  Sir  William  Thomson's  law,  which  he  quoted 
as  being  so  many  amperes  per  square  inch.  As  a  matter  of  &ct. 
Sir  William  Thomson's  law  should  not  be  stated  as  so  many 
amperes  per  square  inch,  but  as  so  many  inches  per  ampere — a 
distinction  that  might  appear  at  first  sight  trivial,  but  which  is 
all-important,  seeing  that  the  problem  Sir  William  Thomson 
solved  was : — Criven  a  certain  current,  to  find  out  what  was  the 
proper  size  of  conductor  to  use  with  that  current.  That  is  the  only 
way  in  which  his  law  can  really  be  applied.  My  colleague  and 
myself  have  already  pointed  out  that  Sir  William  Thomson  did 
not  rightly  interpret  his  own  law  in  his  Inaugural  Address  at 
York.  The  law  that  he  worked  out  may  be  thus  stated :  If  A 
be  the  current  in  amperes  that  we  have  decided  to  use  with  a 
particular  conductor  of  resistance  r  ohms  per  mile,  then  the  watts 
expended  per  mile  are 

A'r  +  ^f 

T 

J."  r  being  the  watts  expended  in  heating  the  conductor,  and 
-  in  the  form  of  interest  on  money  sunk  in  the  copper  conductor. 


r 


t  is  equal  to 


^/' 


6,-84  tiiiiLP. 


a 

where  i  is  the  rate  per  cent,  of  interest  on  money,  c  the  cost  in 
pounds  sterling  of  a  ton  of  copper,  p  the  resistance  of  a  mile  of 
copper  one  square  inch  in  section,  a  the  yearly  value  in  pounds 
sterling  of  one  electric  horse-power  for  the  number  of  hours  the 
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Proi^r  power  is  used.  If,  for  example,  we  take  i  as  equal  to  12,  to  allow 
for  depreciation,  c  as  £125,  p  as  0'04378  ohm^  which  is  the 
resistance  at  20^  C,  if  the  conductor  has  98  per  cent,  of  the 
conductivity  of  pure  copper,  and  a  as  equal  to  £15,  then  ^  equals 
297-3. 

Now,  if  il  be  fixed,  then  the  minimum  value  of  the  above 
expression  is  obtained  by  making 

t 

that  is,  by  making  the  two  wastes  equal  to  one  another.  This, 
for  the  particular  value  of  t  that  we  have  calculated,  leads  to  yfy 
square  inch  of  copper  per  ampere,  or  a  trifle  over  one-fourth 
square  inch  per  100  amperes. 

Now  this  solution  can  only  be  used  on  the  assumption, 
as  we  have  already  pointed  out,  that  r  is  the  variable  and  A  is 
constant,  and  it  cannot  be  used  at  all,  and  has  no  practical 
meaning  whatever,  if  r  is  fixed  and  A  is  variable.  If  there  be 
a  given  line  laid  underground  or  overhead,  of  a  certain  resistance 
per  mile,  and  you  wish  to  apply  Sir  William  Thomson's  law  to 
find  out  what  is  the  most  economical  current  to  employ,  his  law 
has  no  application  whatever,  for  the  simple  reason  that  if  you 
take  the  expression 

A't  +  ^ 
r 

and  try  to  find  out  what  is  the  value  of  -4,  that  makes  the  expres- 
sion a  minimum,  it  is  A  equal  to  nought,  that  is,  do  not  use 
any  current  at  all ;  that  answer  gives  you  the  minimum  waste,  but 
not  the  conditions  of  maximum  economy  in  the  commercial  sense  of 
the  word.  Therefore,  the  conclusion  which  Sir  William  Thomson 
came  to,  viz.,  that  the  two  wastes  (the  waste  due  to  heat  and 
the  waste  due  to  interest  on  capital  sunk  in  conductors)  shoxdd 
be  made  equal,  is  only  applicable  in  the  particular  case  that  the 
current  is  fixed  and  the  resistance  is  variable.  It  is  not  applica- 
ble in  cases  where,  as  people  so  frequently  are  inclined  to  apply 
it,  the  resistance  is  fixed  on  account  of  the  line  being 
already  laid,  and  the  current  is  variable;  in  &ct,  as  we  have 
shown,  under  these  circumstances  a  different  law  must  be  applied. 
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for  you  do  not  then  get  maximum  economy  by  making  the  two  profe«or 
wastes  equal ;  you  can  get  greater  economy,  in  feet,  by  making 
the  two  wastes  unequal.  What  the  exact  solution  is  depends 
upon  what  is  given.  Suppose  we  have  to  deal  with  a  line  abready 
made,  then  the  length  of  the  line  and  its  resistance  per  mile  are 
known.  Let  T,  the  P.D.  at  the  dynamo  end  of  the  line,  be  also 
fixed,  then  the  value  of  Ay  the  current  which  gives  maximum 
economy,  is  

where  n  is  the  total  length  of  the  conductor  in  miles. 

If  neither  A  nor  r  be  fixed,  but  V  be  given,  and  if,  in  addition, 
the  power,  p  watts,  that  has  to  be  furnished  at  the  distant  end  of 
the  line  be  also  known,  then,  as  we  have  already  shown, 

gives  maximum  economy. 

In  both  these  cases,  then,  greoiter  economy  is  obtamed  by 
Tncdeing  the  interest  on  capital  sunk  in  condnictora  larger  than  the 
annual  coal  biU  than  by  making  these  two  sums  equal. 

If,  on  the  other  hand,  the  P.D.  at  the  distant  end  be  fixed, 
and  not  F,  the  P.D.  at  the  dynamo  end  of  the  line,  and  if  A  and 
r  be  either,  or  both,  variable,  then 

Ar  =  t 
gives  maximum  economy.  Of  course  we  have  to  thank  Sir 
William  Thomson  for  having  initiated  the  kind  of  solution,  for 
having  suggested  the  method  of  solving  such  problems,  and  for 
having  drawn  attention  to  the  fact  that  there  were  two  things  to 
be  taken  into  account,  viz.,  the  waste  of  power  in  heat,  and  the 
waste  in  interest  on  money.  I  only,  therefore,  in  alluding  to  the 
rule,  wish  to  remind  you  that  you  cannot  apply  his  solution 
except  in  the  one  case,  that  is,  when  the  current  is  the  given 
thing,  and  the  resistance  of  the  line  is  the  variable. 

I  thoroughly  agree  with  Professor  Forbes's  remark  about 
insulation :  ^^  We  do  not  require  a  high  insulation  for  the  sake 
^^  of  getting  a  small  loss  of  current,  but  only  because  with  many 
^  insulators  the  high  insulation  is  more  permanent,  and  perma- 
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Protesor  «  nency  is  the  quality  of  insulation  which  is  most  to  be  desired." 
That  remark  is  especially  pertinent  in  reference  to  the  paper  we 
recently  had  read  to  us  as  to  the  insulation  resistance  proper  for 
electric  light  circuits,  and  where  it  was  proposed  to  take  a  fixed 
resistance  per  mile,  irrespective  of  whether  the  leakage  was  due 
to  leakage  in  the  cable,  or  leakage  in  the  fittings.  Several 
speakers  then  pointed  out  what  a  wrong  method  that  must  be, 
because  an  insulation  resistance  which  might  be  fiEiirly  good,  if 
the  leakage  was  partly  in  fittings  and  partly  in  the  cable,  would 
be  an  extremely  bad  resistance  if  all  the  leakage  was  in  the  cable. 
Only  a  few  days  ago  I  had  an  example  brought  before  me,  since 
the  last  meeting,  on  this  very  point.  A  line  some  miles  long, 
having  a  number  of  outdoor  arc  lamps  on  circuit,  had  a  resistance 
which  varied  firom  about,  for  the  whole  line,  1,000,000  to  about 
3,000,  so  that  it  would  be  several,  perhaps  four  or  five,  millions 
per  mile  on  a  very  dry  day,  and  only  a  few  thousands  per  mile  on 
a  very  wet  day.  Now,  of  course,  if  the  resistance  went  down  to 
3,000  or  4,000  ohms  in  the  cable,  the  cable  would  be  condemned 
and  cut  out ;  but  as  the  tests  showed  that  the  fluctuations  firom 
day  to  day  were  due  to  the  leakage  in  the  fittings  of  the  street 
arc  lamps,  the  installation  was  not  condemned  in  spite  of  its 
occasional  low  insulation. 

Beference  was  made  by  Mr.  Preece  to  the  question  of  speed 
of  alternation,  and  he  pointed  out  that  at  high  speed  the  output 
of  a  dynamo  in  consequence  of  self-induction  is  seriously  dimin- 
ished, and  therefore  a  low  speed  may  be  better.  I  presume  his 
remarks  apply  to  a  dynamo  in  which  there  is  iron  in  the  armature. 
I  cannot  imagine  that  if  you  take  a  dynamo  like  the  Ferranti  or 
Mr.  Mordey's,  in  which  there  is  no  iron  in  the  armature,  that  the 
output  would  be  increased  by  lowering  the  speed :  the  increase 
of  electro-motive  force  obtained  by  increasing  the  speed  would  far 
more  than  make  up  for  any  loss  due  to  self-induction,  and  there- 
fore you  would  certainly  have  the  greatest  output  at  the  greatest 
possible  speed  you  could  run  the  machine  at.  Indeed,  I  can 
hardly  imagine  his  conclusion  can  be  true  for  any  alternate- 
current  dynamo,  even  if  there  be  iron  in  the  armature.         . 

Also,  Mr.  Preece  referred  to  the  loss  of  efficiency  iu^n&ent 
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transformers,  and  stated  how  the  efficiency  varied  when  more  or  Profemor 
less  iron  was  pnt  in.  He  was  dealing  with  very  small  dinerences 
of  percentage — 1^  or  I'l  per  cent.  I  should  like  if  he  could  tell 
us  how  the  efficiency  was  measured.  It  is  very  easy  to  make  a 
mistake  of  several  per  cent,  in  measuring  the  efficiency  of  a 
transformer,  in  consequence  of  the  fact  that  you  cannot  apply  a 
voltmeter,  ammeter,  or  such  meters,  and  say  that  the  product 
of  their  readings  gives  the  watts  supplied.  I  may  mention,  in 
passing,  in  connection  with  the  use  of  wattmeters  for  alternate- 
current  circuits,  that  some  of  our  students,  on  making  the  calcula- 
tion, have  found  that  the  coefficient  of  self-induction  in  a  non- 
inductive  resistance  box  of  the  Zipemowski  wattmeter  specially 
intended  for  alternate-current  circuits,  is  quite  comparable  with 
the  coefficient  of  the  self-induction  of  the  suspended  coil,  and 
that  people  who  have  been  making  calculations  have  been 
wrong  in  merely  assuming  that  the  coefficient  of  self-induction 
of  the  fine-wire  circuit  of  a  wattmeter  was  that  of  the  sus- 
pended coil  only.  Indeed,  for  delicate  measurements  of  self- 
induction,  it  becomes  necessary  not  to  use  ordinary  double-wound 
resistance  coils  at  all,  for  even  those  made  by  the  best  makers 
have  a  very  considerable  amount  of  self-induction.  In  our 
Wheatstone  bridge  at  the  Central  Institution,  we  have  to  take 
into  account  the  self-induction  of  the  various  double-wound 
coils,  and  you  cannot  by  any  means  assume  that  this  is  nought. 
The  best  way  to  make  the  self-induction  of  resistance  coils 
really  nought  would  be  by  taking  a  platinoid  wire,  covering  it 
with  silk,  then  winding  platinoid  outside  that  again,  and 
covering  that  again  with  silk,  getting,  in  fact,  concentric 
conductors  of  platinoid ;  you  then  wind  them  up  in  a  coil  or 
leave  them  straight,  as  you  like,  and  you  have  a  current  going 
one  way  in  a  wire,  and  back  by  an  insulated  concentric  outer  tube, 
producing  a  circuit  which  is  practically  non-inductive. 

It  was  properly  pointed  out  by  Mr.  Wright  that  you  cannot 
assume  that  no  watts  are  given  to  a  transformer  when  the 
secondary  circuit  is  open.  Indeed,  in  the  experiments  made  by 
our  students  that  were  described  in  this  room  a  year  or  more  ago, 
attention  was  drawn  to  that,  and  the  number  of  watts  givenjt^ 
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Professor  the  primary  circuit  of  a  transformer  was  shown, — ^the  true  watts, 
not  the  watts  measured  in  some  imaginary  way,  but  the  true 
watts  given  for  various  currents  in  the  secondary,  when  a  fixed 
square  root  of  mean  square  of  volts  was  maintained  at  the 
terminals  of  the  primary,'— and  it  appeared  that  about  one- 
twentieth  of  the  maximum  watts  was  given  to  the  transformer 
when  the  secondary  circuit  was  open :  that  is,  one-twentieth  of 
the  maximum  watts  that  was  supplied  on  full  load  was  entirely 
wasted  in  heating  the  transformer  when  all  the  lamps  were  turned 
off.  It  must  indeed  be  a  familiar  experience  to  most  of  you  that 
transformers  during  the  day  get  very  hot,  and  that  therefore  you 
cannot  assume  that  there  is  no  power  wasted.  I  do  not  mean  to 
say  that  the  transformer  system  is  a  bad  system,  but  I  do  mean 
to  say  that  we  must  not  neglect  the  waste  that  occurs  in  trans- 
formers with  the  secondary  circuit  open. 

I  am  a  little  surprised  to  hear  from  Mr.  Wright  that  they  find 
that  it  actually  takes  more  coal  to  supply  power  with  transformers 
than  with  the  Brush  multiple-series  system.  The  Brush  multiple- 
series  system,  worked  at  about  1,500  volts,  has  an  efficiency  of  50 
per  cent.,  I  understand — ^that  is  to  say,  you  can  get  about  390  watts 
developed  in  lamps  for  one  horse-power  developed  by  the  engine ; 
that,  I  believe,  is  the  result  of  actual  experience,  so  that  the  total 
efficiency  is  about  50  per  cent.  One  would  have  hoped  that  you 
would  get  on  the  whole  more  than  that  with  transformers,  but 
according  to  Mr.  Wright's  experience  it  requires  more  coal  to 
work  with  transformers  than  to  use  the  high-potential  multiple- 
series  system. 

Seeing  the  lengthy  remarks  that  we  are  likely  to  have,  and 
which  I  hope  we  shall  have,  from  Professor  Forbes,  I  don't  think 
I  dare  detain  you  a  moment  longer.  I  end,  therefore,  by  thanking 
him  for  myself,  and  thanking  him,  I  hope,  in  the  name  of  the 
Society,  for  going  abroad  and  getting  information,  and  generously 
placing  at  our  disposal  this  information  which  we  are  not  able  to 
get  for  ourselves. 

Professor  Profcssor  GhEORGE  FoRBES,  iu  reply,  said :  In  the  course  of  the 

Forbes.  ^  9  sr  J7 

discussion  of  the  last  two  evenings,  I  must  say,  in  the  first  place, 
..         that  I  feel  that  I  have  been  a  good  deal  misrepresented,  ^d  a 
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good  deal  misimderstood.    I  have  not  hoisted  upon  a  pedestal  pjjJ^*' 
everything  foreign,  and  cast  down  into  a  hole  everything  British ; 
on  the  contrary,  I  have  simply  told  you  what  is  being  done  abroad 
in  some  limited  number  of  cases,  and  I  have  seen  there  a  great 
deal  that  is  to  be  disapproved  of. 

With  regard  to  the  foreign  element,  I  would  remind  you  that 
last  evening,  among  the  very  first  speakers,  there  were  three 
gentlemen  of  foreign  birth  who  spoke,  and  I  think  that  they,  in 
their  speeches,  taught  us  something  that  several  of  those  who 
followed  them  might  lay  to  heart.  Those  three  gentlemen — ^Mr. 
Siemens,  Mr.  Andersen,  and  Mr.  Kapp — showed  that,  in  discussing 
an  engineering  question,  it  was  possible  for  engineers  to  divest 
themselves  of  all  personal  feeling  and  stick  to  the  engineering 
problem  in  hand.  I  shall  try,  as  I  would  wish  that  some  of  those  who 
followed  them  had  done,  to  take  that  lesson  to  heart,  and  resist 
the  great  temptation  that  has  been  thrown  out  by  several 
speakers,  to  lead  me  to  reply  in  a  vein  of  sarcasm.  I  will  go 
through  the  points  that  have  been  raised  in  the  discussion, 
separating  the  wheat  from  the  chaff  as  much  as  I  can. 

Instead  of  replying  to  each  gentleman  in  turn,  and  holding 
him  up  before  you  to  ridicule  or  to  admire,  I  have  taken  up 
all  the  subjects  which  have  been  discussed,  iu  the  order  in  which 
they  were  treated  in  the  paper,  and  I  have  tried,  as  fer  as  I  am 
able  to  do,  to  divide  the  different  speakers'  subjects  in  classified 
order,  and  I. shall  take  the  different  subjects  in  order,  instead  of 
the  different  speakers. 

First,  as  to  the  object  which  I  had  in  bringing  forward  this 
paper,  on  which  there  has  been  a  deal  of  misunderstanding. 
What  I  have  said  is,  that  during  the  past  few  years  the  electric 
lighting  industry  in  England  has  been  delayed — it  may  be  by  the 
Electric  Lighting  Act,  it  may  be  by  other  causes— I  say  that  it 
has  been  delayed  in  England.  I  say  that  during  that  time  there 
have  been  hxmdreds  of  thousands  of  pounds  spent  abroad  by 
people  trying  to  learn  the  experience  which  is  necessary  to  be 
learned  before  the  thing  can  be  made  a  commercial  success.  All 
I  now  say  is  that  we  should  try  to  take  advantage  of  the  time  and 
money  which  has  been  spent  by  those  people  upon  those  experi^  ~ 
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Professor  ments.  The  only  person  who  has  ventured  to  oppose  this  line  of 
argument  which  I  have  taken  is  Mr.  Preece,  who  has  maintained 
that  I  am  quite  wrong;  that  there  has  been  no  delay  in  the 
progress  of  electric  lighting  in  England;  that  they  have  been 
going  ahead  faster  in  England  than  anywhere  else;  and  that 
there  is  absolutely  nothing  that  we  can  learn  from  foreigners, 
and  that  we  can  teach  them  everything.  I  am  perfectly  con- 
vinced that  the  English  engineers  can  teach  those  abroad  a  very 
great  deal.  I  know  that  the  Americans,  while  they  have  been 
pushing  on  with  their  practice,  have  been  deriving  their 
theoretical  notions  from  England,  while  practical  progress  was 
retarded  here:  they  have  confessed  that  themselves,  and  are 
perfectly  willing  to  admit  the  obligations  they  owe  to  English- 
men. No  greater  advance  has  been  made  in  practical  work,  I 
think  I  can  say  without  fear  of  a  doubt,  than  the  advance  that 
has  been  made  by  the  Brothers  Hopkinson  when  they  published 
their  paper  on  the  design  of  dynamo  machines — a  paper  which 
has  been  the  basis  of  design  in  every  part  of  the  world.  That 
and  the  discovery  of  the  Gaulard  and  Gribbs  system  of  distribution 
are  the  two  greatest  steps  that  have  been  made  of  late  years — 
one  making  dynamo-design  possible,  the  other  making  distribu- 
tion possible  on  a  large  scale.  This  subject  has  also  been  dealt 
with  by  General  Webber,  in  a  spirit  opposite  to  that  of  Mr. 
Preece,  but  I  really  need  not  waste  more  time  on  the  subject ; 
I  feel  perfectly  confident  that  the  general  sense  of  those  who  have 
studied  it  is  in  favour  of  the  view  that  I  have  expressed — that 
we  have  been  retarded  in  our  adoption  of  electric  lighting. 

Questions  have  been  asked  me  with  regard  to  Berlin,  and  as 
far  as  I  can  I  will  answer  them. 

I  was  asked  by  Mr,  Kapp  about  the  number  of  arc  lami)s 
which  there  are  on  the  incandescent  circuits.  I  am  really  not 
quite  sure  of  the  exact  number,  but  it  is  nothing  like  so  large  a 
proportion,  I  believe,  as  he  and  Mr.  Crompton  have  thought  it 
was. 

Then  Mr.  Kapp  asks  me  whether  the  cost  of  the  mains  and 
feeders  includes  the  arc  lamps.     It  does.  ^ 

It  was  assumed  by  Mr.  Andersen,  becaug^'T'^^'^^^re^was 
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1^  T>er  cent,  variation  of  the  mains,  that  that  meant  H  per  cent.  Profeasor 

Forbes. 

up  and  down.  That  is  not  the  case.  There  is  only  1^  per  cent, 
variation  allowed  in  the  mains  in  Berlin  anywhere — ^that  is^  |  per 
cent,  up  and  down. 

The  engines  were  praised  very  much  by  Mr.  Crompton  on 
account  of  their  absence  from  shock,  noise,  and  so  forth,  and  I 
quite  agree  with  him  that  the  engines  are  very  good  ;  but  I  do 
not  go  so  far  with  him  as  to  say  that  we  in  England  cannot  produce 
engines  as  good  as  them.  I  feel  confident  that  in  that  department 
of  engineering  we  are  still  at  the  top  of  the  tree. 

I  have  been  asked  about  the  horse-power — the  steam  consumed 
per  horse-power  in  Berlin.  The  exact  statement  is  that  the  indi- 
cated horse-power  is  13^  lbs.  of  steam,  the  electrical  horse-power 
is  15^  lbs.  of  steam. 

Complaint  was  made  by  Mr.  Wright  that  I  have  not  given 
some  facts  about  the  cost  of  production,  as  to  the  lbs.  of  coal 
used  per  unit,  as  to  the  ratio  of  the  maximum  current  to  the 
average  current,  and  as  to  the  use  of  concentric  mains,  and  so  on. 
I  really  thought  that  I  had  said  as  much  about  these  points  as  I 
was  entitled  to  in  the  limits  of  the  paper.  I  have  given  a  good 
many  of  these  points,  as  he  will  find  if  he  reads  the  paper. 

With  regard  to  Milan,  Mr.  Preece  says  there  is  nothing  that 
Italy  can  teach  us.  I  say  that  Milan — and  Mr.  Mordey  has  also 
stated  so  most  positively — can  teach  us  that  a  city  lighted  with 
electric  arc  lights  is  a  thing  very  much  to  be  desired,  and  that 
they  can  light  up  their  streets  right  and  left,  all  through  the  town, 
in  a  most  splendid  way  and  at  a  satisfactory  cost. 

I  was  asked  by  Mr.  Mordey  about  the  Edison  meters  which  are 
used  in  Milan,  as  to  their  varying  deposit  with  light  loads,  because 
if  you  do  get  any  deposit  with  light  loads  then  the  resistance 
becomes  much  higher,  or,  in  other  words,  the  range  is  not  large. 
The  range  of  the  meter  is  not  large,  as  I  stated  in  my  paper  at 
the  Society  of  Arts,  to  which  Mr  Mordey  has  alluded.  I  have 
made  very  careful  tests  of  it  myself,  and  generally  it  varies  from 
fivefold  to  tenfold  range. 

The  excellent  street  lighting  in  Milan  was  also  spoken  of  by 
Mr.  Mordey,  and  I  think  that  everyone  who  has  visited  that  town 
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ProfesBor^  mu8t  look  aiizioasly  forward  to  the  time  when  we  shall  have  a 

Forbes.  "^ 

large  portion  of  the  city  of  London  so  lighted. 

Mr.  W.  M.  MoEDEY :  Could  you  give  us  the  range  of  loss  of 
the  E.M.F.  in  the  meters  ? 

Professor  Gr.  Forbes  :  Only  a  very  small  fraction  of  the  current 
passes  through  the  electrolytic  cell,  and  the  resistance  of  the 
whole  thing  is  h^tttt  of  ^^  ohm. 

Mr*  W.  M.  MoRDEY:  That  is  the  resistance  that  the  meter  is  a 
shunt  of? 

Professor  G.  Forbes  :  Yes. 

Mr.  W.  H.  Snell  :  Might  I  be  allowed  to  say  that  I  had  a 
letter  from  Edison's  laboratory  only  yesterday  morning,  and  it 
mentioned,  among  other  things,  that  their  latest  meters  have  a 
loss  of  '2  per  cent,  at  full  load. 

Professor  Gr.  Forbes  :  That  is  an  interesting  fact. 
That  Bome  was  dealing  with  alternating  currents,  one  would 
have  thought  would  have  been  a  point  which  would  be  freely  dis- 
cussed, but  Mr.  Mordey  alone  has  noticed  it.  He  has  asked  about 
the  self-exciters,  how  they  work,  and  whether  their  efficiency 
comes  out  well. 

I  never  saw  a  self-excited  alternator  with  so  little  sparking  at 
the  commutators ;  it  certainly  is  extremely  good.  I  remember, 
a  few  years  ago,  having  one  of  the  Lontin  type  under  test  for 
some  time,  and  the  sparking  was  something  terrible  in  a  self- 
exciting  arrangement  like  that;  but  in  these  Zipemowski  ones 
there  is  very  little  sparking  at  all.  But,  as  a  matter  of  fact,  experi- 
ence has  shown,  by  the  results  of  Messrs.  Ganz  and  others,  that 
it  is  better  to  use  an  independent  exciter,  and  that  the  efficiency 
of  working  is  really  better  under  those  circumstances. 
;^  As  to  the  lessons  to  be  learned,  I  will  take  these  in  order,  and 
so  I  shall  be  able  to  get  rapidly  through  the  different  points  that 
have  been  raised. 

I  must  say  that  every  word  almost  that  has  dropped  from  any 
speaker,  in  whatever  humour  he  has  been  speaking,  or  upon  what- 
ever part  of  the  subject  he  has  been  speaking,  has  confirmed  me 
in  my  belief  that  we  have  lessons  to  learn  by  studying  the  work 
which  has  been  done  abroad — lessons  as  to  what  to  do,  and  lessons 
as  to  what  to  avoid. 
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First,  as  to  the  distribution,  which  most  speakers  were  dealing  J"*^'^ 
with  last  evening.  The  first  point  is  as  to  the  three-wire  system. 
Dr.  Fleming  and  Mr.  Grompton  have  both  supported  the  statement, 
which  I  think  ought  to  be  a  maxim,  that  the  three-wire  system 
ought  always  to  be  used  in  a  low-pressure  system  of  distribution. 
The  only  person  who  threw  doubts  on  the  question  was  Mr. 
Shoolbred,  who  in  a  very  cautious  way  suggested  that  "  hitherto 
^*  the  success  of  the  three-wire  system  in  England  has  not  been 
**  sufficient  to  warrant  its  general  introduction."  That  is  a  type 
of  argument  which  is  very  apt  to  prevail  in  England,  that  because 
a  thing  has  not  been  largely  used  in  England  yet,  we  had  there- 
fore better  wait;  and  I  think  those  very  cautious  words  will 
indicate  a  great  many  of  the  reasons  why  more  progress  has  not 
been  made  in  this  country. 

The  same  thing  applies  to  electric  traction :  we  find  that  the 
same  argument  holds  very  much  in  regard  to  it.  The  railway 
engineers  will  tell  you  that  the  success  of  electric  traction  in  this 
country  has  not  been  so  great  as  to  warrant  its  adoption.  Yet,  in 
America  they  have  their  250  horse-power  locomotive  running  on 
the  elevated  railroad  in  New  York,  drawing  its  complete  quota 
of  carriages,  and  doing  its  regular  work  with  the  steam  locomotive 
every  day ;  and  they  have  their  Eichmond  electric  tramcars,  and 
electric  traction  is  going  ahead  splendidly  in  America. 

The  next  point  is  about  feeders.  Mr.  Kapp  complained  that 
I  did  not  now  describe  to  you  the  conditions  of  working  feeders. 
Well,  considering  that  I  devoted,  so  much  time  to  them  in  the 
course  of  Cantor  lectures  to  the  Society  of  Arts,  I  hardly  thought 
that  this  was  the  time  to  deal  with  these  theoretical  points  about 
the  principles  of  distribution.  He  pointed  out  that  he  and 
Mr.  Grompton  had  considered  the  question  thoroughly  in  their 
designs  for  the  Victoria  Station  a  long  time  ago,  and  he  will  find 
in  the  Gantor  lectures  that  I  fully  went  into  these  points,  and 
showed  how  &r  the  question  had  been  dealt  with  up  to  that  time 
by  Mr.  Grompton,  and  wherein  hisjerrors  lay. 

Feeders  were  stated  by  Dr.  Fleming  to  be  most  important  and 
essential  to  any  system  of  distribution,  and  Mr.  Lant  Carpenter 
has  said  that  it  is  like  flogging  a  dead  horse  or  killing  the  sla^^ 
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Profewor  to  Speak  of  feeders.  I  wish,  gentlemen,  that  every  person  in  this 
country,  and  every  engineer  in  this  country,  would  hold  the  san^e 
opinion.  I  cannot  tell  you  the  amount  of  trouble  I  have  at  times 
in  having  to  argue  this  point  with  most  practical  engineers  who 
are  opposed  to  using  feeders  with  their  mains.  There  are  a  great 
number  of  people  who  wish  to  lay  down  their  central  stations 
without  feeders.  The  only  person  who  spoke  against  feeders  at 
this  meeting  was  Mr.  Andersen,  who  took  some  trouble  to  show  that 
it  was  possible,  in  a  low- tension  system,  on  the  three-wire  system 
going  up  to  400  yards,  to  get  a  fair  distribution  of  electricity 
without  using  feeders,  and  without  any  very  great  expense  in 
copper.  Granted  that  is  so:  undoubtedly  we  all  admit  that  to 
Mr.  Andersen ;  but  Mr.  Andersen  has  never  attempted  to  show 
that  he  would  not  get  a  far  better  distribution  with  the  same 
quantity  of  copper  laid  down  along  the  same  conduits  if  he  used 
feeders  to  supply  the  mains ;  and  there  is  not  the  slightest  doubt, 
just  as  all  the  speakers  have  said,  that  feeders  are  absolutely 
essential  for  that,  and  as  Mr.  Andersen  has  not  attempted  to  deny 
the  tdct  that  feeders  would  improve  the  system,  I  need  hardly  waste 
more  time  upon  the  question. 

Mr.  F.  V,  Andersen  :  I  would  like  to  say  that  all  my  remarks 
were  certainly  based  upon  the  supposition  of  the  use  of  feeders. 
I  think  if  Professor  Forbes  wiU  read  my  remarks  he  will  find  that 
•  so. 

Professor  G.  Forbes  :  I  beg  your  pardon  most  sincerely. 

Mr.  F.  V.  Andersen  :  I  mentioned  the  mains  in  the  feeding 
centres,  of  course,  and  I  understood  that  the  mains  around  the 
station  would  be  supplied  by  feeders,  and  I  mentioned  the  feeding 
centres. 

Professor  G.  Forbes  :  I  understood  that  the  whole  system  of 
mains  that  were  laid  down  were  to  be  tapped  by  the  houses  along 
which  they  passed,  and  that  no  separate  feeders  would  be  led 
away  untapped  up  to  the  centres  of  distribution. 

Mr.  F.  V.  Andersen  :  I  must  apologise  if  I  have  not  made 
myself  clear  enough.  My  remarks  were  based  on  the  principle  of 
having  radial  mains,  and  feeding  them  radially  from  feeding 
centres.  Digitized  by  Google 
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Professor  G.  Fobbes:   Then  you  accepted  the  principle  ofprofeisor 

Forbes. 

feeders? 

Mr.  F.  V.  Andersen  :  Certainly. 
~    Professor  G.  Forbes  :  That  is  all  right.    Then  everybody  here 
admits  that  feeders  are  to  be  used  for  low-tension  systems :  that 
is  a  point  I  am  glad  to  find  we  are  all  agreed  upon. 

The  next  question  is  as  to  using  dynamos  at  different  poten- 
tials, and  putting  the  pilot  wires  in  a  different  position  to  that 
which  has  been  generally  adopted.  Mr.  Andersen  has  said  that 
using  dynamos  at  different  potentials  is  a  little  complicated^  and 
that  is  a  question  that  must  of  course  be  considered  in  any  case 
where  it  is  proposed  to  do  so.  I  may  mention,  however,  that  the 
complication,  which  consists  in  changing  feeders  firom  one  dynamo 
to  another,  is  an  operation  which  is  being  daily  performed  in 
large  numbers  of  central  stations  everywhere,  and  I  do  not 
think  that  there  is  any  trouble  in  doing  that  at  all.  But 
undoubtedly  it  would  be  simpler,  as  Mr.  Andersen  very  justly 
remarks,  if  we  could  do  without  it ;  it  is  only  a  question  of  whether 
the  benefit  to  be  gained  is  worth  it.  The  suggestion  that  Mr. 
Kapp  made,  that  a  counter  electro-motive  force  might  be  intro- 
duced in  the  form  of  a  battery  cell  to  change  the  pressure  given 
in  the  different  feeders,  j>erhaps  limits  the  complication  that  it 
would  be  necessary  to  introduce. 

Objection  was  made  by  Mr.  Andersen  to  putting  the  pilot 
wires  into  the  branches.  Now,  pilot  wires,  wherever  you  place 
them,  if  you  are  distributing  with  all  your  dynamos  at  the  same 
potential,  your  pilot  wires  must  be  grouped  together,  and  you 
must  take  an  average  of  the  readings  of  the  pilot  wires ;  that  is 
the  practice  universally  adopted  where  pilot  wires  are  used,  and  if 
that  is  the  case,  then  the  objection  which  Mr.  Andersen  has 
raised  hardly  holds.  His  objection  is  that  your  pilot  wires,  if  they 
go  beyond  the  feeding  centres,  will  go  into  the  branches.  Well, 
let  them  go  into  the  branches,  and  let  them  go  into  every  one 
of  the  branches,  but  put  them  in  at  the  half-way  place  which 
I  have  pointed  out  as  the  proper  place,  then  take  the  average  of 
them,  and  you  will  get  very  close  approximation  to  the  average 
pressure  which  you  ought  to  supply  those  points.  ^ 

VOL.  xvm.  20 
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PAfenor  I  have  put  aside  a  sheet  of  paper  for  each  of  my  different 

heads,  and  I  have  not  got  any  discussion  note  about  altemate- 
cuirent  distribution,  which  I  thought  was  about  the  most  impor- 
tant thing  to  talk  about,  therefore  I  have  nothing  to  answer  imder 
that  head. 

I  think  it  was  Creneral  Webber  who  was  the  only  one  who 
pointed  out  that  feeders  are  not  used  at  the  present  time  in  the 
largest  central  station  in  London,  and  I  have  pointed  out  in  my 
paper  that  that  is  largely  the  cause  of  the  unequal  lighting  which 
we  have  over  London.  Mr.  Preece  has  called  my  statements  in 
question,  but  I  am  sorry  to  say  that  that  must  be  due  to  his  not 
going  about  sufficiently  in  London  to  see  these  lamps.  If  he  did, 
I  have  not  any  doubt  about  it  that  he  would  find  that  what  I  said 
in  my  paper  is  correct,  and  that  the  variation  of  potential  over 
the  district  lighted  from  the  Gxosvenor  Gallery  central  station  is 
enormous  at  the  times  of  maximum  supply ;  and  he  would  rightly 
come  to  the  conviction  that  we  have  just  arrived  at  universally, 
by  general  consent,  that  in  any  system  of  distribution  feeders  are 
essential  to  keep  the  potential  uniform. 

The  next  question  is  as  to  highnipeed  engines.  I  have  had 
very  few  remarks  upon  that  question  too.  Mr.  Swinburne  has 
backed  me  up  by  saying  that  in  properly  constructed  machines 
high  speed  is  good,  and  that  we  should  always  try  to  get  as  high 
a  speed  as  is  consistent  with  the  safety  and  efficiency  of  the 
machinery.  I  decline  altogether  to  accept  Mr.  Preece's  statement 
which  he  made  to-day,  viz.,  that  in  this  country  we  have  got  a 
definite  peripheral  velocity  of  so  many  feet  per  minute,  and  that 
it  is  all  the  same  whether  you  have  a  complicated  system  of  wire 
coils  or  a  symmetrical  mass  of  iron  which  is  revolving.  I  decline 
absolutely  to  accept  that  as  a  maxim  in  engineering.  The 
amount  of  speed  which  it  is  safe  or  desirable  to  use  depends 
on  the  construction  of  the  machine,  and  a  machine  which  is 
well  constructed — ^which  is  perfectly  symmetrical,  and  of  solid 
parts  that  are  not  likely  to  fly  asunder — may  be  run  at  a  far 
higher  speed  than  a  machine  with  complicated  parts  which 
cannot  be  easily  balanced,  and  with  parts  of  the  machinery 
*  which  will  be  liable  to  injury  from  the  enormous  centrifugal 
fnrpfts  whifth  arft  nresent. 
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The  next  qnestion  is  that  of  coapling  large  machines  together  PrpfMsor 
in  parallel  with  continuous  current.  Now  the  general  experience 
which  has  been  related  here  has  been  that  there  is  no  difficulty 
in  coupling  continuous-current  machines  in  parallel.  I  shall  be 
very  glad,  indeed,  if  that  is  the  case :  I  am  certainly  not  pre- 
pared to  say  it  is  not  the  case,  but  I  shall  be  very  glad  to  see  it 
proved  that  it  is.  I  think  that  most  of  those  who  made  this 
assertion,  however,  have  been  dealing  with  comparatively  small 
current*  Mr.  Crompton  says  that  there  is  absolutely  no  need  of 
resistance  or  banks  of  lamps  to  equalise  the  output  before  switch- 
ing in  a  dynamo  in  parallel ;  he  says  that  children  can  do  it,  that 
in  the  Vienna  central  station  it  is  done  perfectly  easily.  I  still 
adhere,  however,  to  the  belief  that  where  this  plan  has  not  been 
adopted  in  the  past,  there  is  a  disagreeable  momentary  flicker. 
At  the  Vienna  central  station  I  do  not  think  Mr.  Crompton  has 
got  any  very  large  current.  As  &r  as  I  remember,  the  outputs  of 
his  dynamos  are  somewhere  between  100  and  200  amperes. 

Mr.  B.  E.  Crompton  :  250. 

Professor  -  G-.  Forbes  :  Well,  it  is  when  you  are  coming  to 
1,000  amperes  or  so,  that  anyone  I  have  heard  remark  upon  it, 
states  that  it  is  essential  to  have  banks  of  resistances.  It  is 
stated  in  the  paper  that  for  100  amperes  it  is  certainly  utterly 
tmnecessary.  I  am  of  opinion  that,  if  we  had  an  automatic  means 
of  switching  in,  such  as  has  been  described  by  one  of  the  speakers, 
it  could  be  done  quite  well,  even  with  the  largest  current.  I 
believe  that  Mr.  Andersen  himself,  though  he  did  not  mention 
it  in  his  remarks,  has  designed  an  automatic  switch  which  is 
perfectly  successful,  and  will  probably  work  with  the  largest 
current. 

The  frequency  of  alternations  has  been  spoken  about  by  Mr. 
Kapp  and  by  Mr.  Preece.  With  regard  to  Mr.  Eapp's  statement, 
I  am  Sony  he  is  not  here.  Mr.  Kapp  has  maintained  here  and 
elsewhere  that  the  size  of  a  converter  does  not  depend  upon 
the  frequency  of  the  number  of  alternations.  I  want  to  know 
where  he  gets  this  belief  from.  He  brings  as  a  proof  of  this 
that  in  taking  the  figures  I  gave  in  speaking  about  the  Westing- 
house  converters,  I  had  spoken  about  the  weight  per  horse- 
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PvofeMor  power,  and  he  finds  in  his  much  larger  machines  he  has  the 
same  weight  per  horse-power.  Now,  I  will  simply  state  this  fiict — 
that  when  Mr.  Kapp  pointed  that  out  to  me  some  time  ago,  I 
explained  clearly  to  him  that  in  the  weight  which  I  had  given  for 
the  Westinghouse  converter,  the  weight  of  a  cast-iron  casing, 
weighing  almost  as  much  as  the  whole  converter  itself,  was  included. 
That  puts  a  different  complexion  on  the  case.  The  saving  thus 
becomes  very  appreciable,  and  the  fistct  has  been  admitted  by 
everybody  else  except  Mr.  Kapp.  It  has  been  admitted  by  Mr. 
Preece,  it  has  been  admitted  by  Dr.  Fleming ;  it  is  admitted  by 
those  who  have  had  large  experience  in  manufacture;  Mr. 
Zipemowski  mentioned  it  to  me  the  other  day ;  I  believe  that  Mr. 
Ferranti  admits  it  thoroughly,  and  I  know  that  Mr.  Westinghouse 
does. 

It  was  said  by  Mr.  Preece  that  if  Mr.  Westinghouse  knew 
what  wonderful  things  are  being  done  in  England,  he  would 
change  this  and  reduce  the  speed  of  his  alternations.  I  will  tell 
Mr.  Preece  a  little  fistct  about  this.  When  I  was  in  America  a 
year  ago,  the  question  of  running  motors  with  alternating  currents 
was  one  of  very  great  importance.  I  had  some  reasons  for  think- 
ing that  probably  a  reduction  in  the  number  of  alternations  would 
assist  the  running  of  motors,  and  I  asked  at  the  time  if  they 
were  perfectly  sure  that  they  had  got  the  best  speed  of  alter- 
nations for  satisfactory  working.  Since  that  time  they  have  been 
almost  constantly  at  work  in  making  proper  tests  of  their  con- 
verters with  ice  calorimeters,  and  they  have  finally  decided,  after 
a  year's  practical  working  and  testing  of  that  sort,  that  they  will 
not  reduce  the  speed  that  they  have  got — ^that  the  high  speed 
which  they  are  using  is  the  best  for  converter  work.  Crenerally, 
as  to  the  frequency  of  alternation,  about  which  Mr.  Preece  has 
spoken  to-night,  the  conclusion  comes  to  very  much  as  I  said  in 
the  paper.  If  you  want  high  efficiency  use  high  speed  of  alter- 
nation, but  if  you  want  to  work  in  parallel  it  is  best  to  sacrifice 
that  and  reduce  the  frequency. 

We  were  told  by  Mr.  Swinburne  that  he  has  devised  a  means 
for  parallel  working.  That  is  very  interesting,  and  I  am  sure  he 
will  go  on  with  it,  and  work  it  out,  and  get  it  into  thorough  woridng 
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order.    But  I  do  not  think  it  has  been  proved  in  actual  practice  Profenor 
yet.    I  am  sure  no  one  will  be  more  pleased  than  myself  to  see  if 
it  is  possible  to  produce  parallel  working  without  the  heavy  self- 
induction  that  is  at  present  necessary. 

Now  the  important  question  of  insulation  comes  on,  and  I 
have  delayed  my  remarks  on  that  till  now.  A  good  deal  of  valuable 
information,  I  think,  has  been  gained  upon  this,  and  I  am  glad 
the  discussion  has  been  raised,  if  only  to  clear  the  ground  a 
little ;  I  am  only  sorry  that  it  has  been  cleared  so  little.  We 
have  not  arrived  at  anything  very  much  more  definite,  I  think, 
than  what  we  started  with.  Let  me  take  Mr.  Siemens  first,  and, 
in  doing  so,  let  me  again  thank  Mr.  Siemens  for  the  courteous 
way  in  which  he  spoke  on  the  subject ;  and  I  must  say  that  when 
I  was  raising  this  question  I  had  no  idea  that  I  was  treading 
on  the  toes  of  Messrs.  Siemens  &  Halske;  or  that  I  thought 
that  Messrs.  Siemens  &  Halske  would  not  really  have  given  me 
the  information  I  obtained,  just  as  readily  as  those  from  whom  I 
did  obtain  the  information.  But  at  the  same  time  I  have 
simply  stated  what  I  found  to  be  the  case  in  Berlin — at  least 
what  I  believed  to  be  the  case  in  Berlin.  Mr.  Siemens,  however, 
has  told  us  that  a  general  breakdown  has  not  taken  place.  He 
says  that  eight  cables  were  replaced:  one  was  injured  by  a 
pickaxe ;  two  were,  I  think  he  said,  badly  put  into  the  joint  box ; 
and  the  five  others  are  not  definitely  explained,  except  by  the 
belief  that  they  were  due  to  mechanical  injury ;  and  that  in  other 
places  where  tests  had  been  made  it  was  found  that  the  only 
injury  was  that  high  temperature  had  melted  the  insulation. 

Mr.  ALEXAifDEB  Siemens  :  No ;  the  outside  covering.  It  had 
not  interrupted  the  insulation ;  that  is  just  the  thing — ^the  outside 
covering  and  the  compound  were  melted,  but  the  insulation  was 
not  damaged. 

Professor  Gr.  Fobbes:  The  insulation  was  not  damaged!  I 
cannot  decide  the  question  as  to  what  is  the  true  state  of  the  case 
about  these  Berlin  cables.  But  let  me  take  exception  to  what  Mr. 
Crompton  said.  Mr.  Crompton  said,  in  speaking  of  this,  that  it  is 
his  belief  that  when  I  am  in  such  a  position  I  am  easily  gulledjp 
It  has  been  with  the  utmost  amusement  that  I  have  firequentQr 
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profesaor     noticed  that  he  held  this  belief  when  he  has  been  describing  to 

Forbea.  ,^^ 

me  his  latest  electrical  hobby,  such  as  the  Howell  battery.  When 
I  first  came  to  join  the  engineering  profession  in  London,  I  was 
ajnnsed  by  the  number  of  people  who  held  that  opinion;  Mr. 
Crompton,  I  think,  is  the  only  one  left,  and  he  still  continues  to 
afford  me  that  great  amusement*  I  am  not  apt  to  take  the 
first  story  which  is  told  by  interested  parties ;  I  am  not  apt  to 
take  statements  without  sifting:  I  invariably  try  to  sift  the 
evidence  as  much  as  I  can,  and,  if  I  cannot  get  at  it  by  actual 
test,  I  consider  very  carefully  the  probabilities.  I  think  we  must 
agree  with  Mr.  Eddison  that  lead  cables  are  on  their  trial.  Let 
us  hope  they  will  come  out  successfully. 

The  question  as  to  lead-covered  cable  is  very  important.  Mr. 
Preece  made  a  great  point  when  he  said  that  it  has  been  working 
well  in  telegraphy,  when  he  brought  the  experts  of  the  Post  Office 
here  to  support  him  in  the  statement  that  lead-covered  cables 
have  worked  well  in  many  cases.  That  is  very  good,  but  it  must 
be  remembered  that  these  lead-covered  cables  were  generally  well 
insulated  without  the  lead ;  it  must  be  remembered  that  the  modem 
electric  light  cables  without  the  waterproof  lead  coating  would 
be  badly  insulated ;  it  must  be  remembered  that  in  some  cases 
lead-covered  cables  have  failed  when  they  have  passed  through 
made-up  ground  or  decajring  vegetable  matter;  it  must  be 
remembered  that  in  telegraphic  work  you  are  not  working  with 
2,000  volts — ^all  these  things  must  be  considered,  and  the  opinions 
that  Mr.  Preece's  experts  supported  do  not  bear  upon  those  points. 
But  Mr.  Preece  has  staked  his  professional  reputation  upon  this. 
I  grant  the  enormous  value  of  that  statement,  and  I  certainly 
shall  be  led  firom  that  statement  to  myself  carefully  reconsid^ 
the  question  of  lead-covered  cables,  which  I  had  been  inclined  to 
look  on  with  disfavour. 

As  to  compound-wound  voltmeters :  of  course  Dr.  Hopkinson 
was  the  first  inventor,  that  is  perfectly  well  understood,  and  other 
people  have  only  been  helping  to  work  the  instruments  out  in  a 
practical  way  for  special  purposes. 

Li  conclusion,  let  me  say  to  the  gentlemen  who  have  spoken 
— let  me  say  to  Dr.  Fleming,  Mr.  Kapp,  Mr.  Swinburne,  Mr. 
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Crompton,  Mr.  Siemens,  Mn  Andersen,  and  also  let  me  say  E~Sl|* 
to  Mr.  Parker  and  the  host  of  other  gentlemen  who  have  not 
spoken,  but  who  ooght  to  be  mentioned  in  this  connection-^that 
there  is  no  person  in  this  or  in  any  other  country  who  can  compete 
with  me  in  the  intense  admiration  I  have  for  the  enormous  efforts 
that  they  are  making  to  raise  the  standard  of  electrical  manu£Eu$« 
ture  to  the  proper  standard  which  it  ought  to  attain  in  this 
country,  and  that  I  look  upon  the  advances  which  wrt  being  made 
in  this  country  with  the  fullest  confidence.  I  am  as  conscious  as 
anybody  can  be,  of  what  is  being  done  in  this  country,  and  I  value 
the  efforts  of  these  gentlemen  as  much  as  any  person  in  the  world 
can  do. 

A  hearty  vote  of  thanks  was  unanimously  accorded  to  Professor 
Forbes  for  his  very  interesting  and  valuable  paper. 

A  ballot  for  new  members  took  place,  at  which  the  following 
were  elected : — 

Foreign  Member: 

Hidesuke  Igarashi,  M.E. 


Member 8, 


R.  S.  Erskine. 
A.  L.  H.  Palmer. 


W.  M.  Shaw. 
Arthur  S.  Simkins. 


AeeociaUs : 
M.  S.  Chambers.  |         Sydney  Dobson. 

Henry  T.  Thomburry. 

Student : 
Charles  Oliver  Lloyd. 

The  meeting  then  adjourned. 
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The  One  Hundred  and  Ninetieth  Ordinary  Greneral  Meeting  of  the 
Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday,  March 
28th,  1889 — Mr,  Alexander  Siemens,  Vice-President,  in  the 
Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
March  21st  were  read  and  approved. 

The  names  of  candidates  for  admission  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council: — 

From  the  class  of  Associates  to  that  of  Members- 
Samuel  S.  Dickenson. 
From  the  class  of  Students  to  that  of  Associates — 
Charles  Woodward  Neele. 

A  donation  to  the  Library  was  announced  as  having  been 
received  since  the  last  meeting  from  Mr.  Charles  Streatfeild 
James,  to  whom  the  thanks  of  the  meeting  were  unanimously 
voted. 

The  Chairman  ;  I  have  now  the  very  sad  duty  to  perform  of 
announcing  to  you  the  death  of  an  old  member  of  this  Institu- 
tion, the  intelligence  of  which  reached  us  in  the  Council  Room 
only  a  few  moments  ago :  Mr.  C.  H.  B.  Patey,  C.B.,  the  Third 
Secretary  of  the  Post  Office,  and  who  had  the  management  of  the 
Telegraph  Department,  died  at  his  residence  at  Bickley  at 
five  o'clock  this  afternoon;  and  I  will  call  upon  Mr.  C.  E. 
Spagnoletti  to  move  a  resolution  which  the  Council  desire  to 
submit  to  you. 

Mr.  C.  E.  Spaonoletti:  Mr.  Chairman  and  gentlemen, — I 
rise  with  feelings  of  very  great  regret  and  sadness  to  propose  that 
our  Secretary  be  authorised  to  write  a  letter  of  condolence  to 
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Mrs.  Patey  on  the  very  sad  event  of  which  you  have  just  heard. 
I  am  sure  that  I  shall  have  the  heartiest  support  and  sympathy 
of  every  member  of  the  Institution  in  making  this  proposition. 
IVIr.  Patey,  as  you  are  all  aware,  was  a  gentleman  in  a  very 
prominent  position  in  the  Post  Office,  being  the  Third  Secretary, 
and  he  had  raised  himself  to  this  position,  and  distinguished 
himself  therein,  by  his  excellent  business  habits,  and  by  'the 
performance  of  his  onerous  duties  to  the  satisfistction  of  everybody 
dnring  the  time  he  held  that  position.  His  duties  were  princi- 
pally confined  to  the  Telegraph  Department.  On  account  of  his 
excellent  business  qualifications  and  his  great  tact,  he  was 
appointed,  in  1879,  President  of  the  Xnternational  Telegraph 
Conference  then  held  in  this  country,  which  I  daresay  many  of 
you  may  recollect.  I  learn  also  that  he  was  most  active  in 
urgently  pressing  forward  and  bringing  about  the  adoption  of  the 
sixpenny  rate  for  telegrams,  which  has  proved  such  a  boon  to 
the  general  public.  Mr.  Patey  was  also  engaged,  and  made 
very  great  reforms,  in  the  Intelligence  Department,  by  which 
the  Press  of  this  country  has  benefited  very  much,  and  by  which 
aU  intelligence  of  public  interest  is  now  so  well  circulated  over 
all  parts  of  the  globe.  For  his  distinguished  talents  he 
was  made  a  Companion  of  the  Bath  in  1886;  and  latterly 
he  has  been  engaged,  as  I  daresay  many  of  you  know,  as 
the  principal  negotiator  for  the  purchase  of  the  Submarine  Tele- 
graph Company's  property.  Mr.  Patey  was  taken  ill  on  Saturday 
last,  March  23rd,  with  congestion  of  the  lungs;  his  Mends 
were  hopeful  on  Monday  that  his  health  would  improve, 
owing  to  favourable  symptoms;  but,  however,  a  relapse 
unhappily  occurred,  and  he  passed  away  at  five  o'clock  to-day. 
It  is  very  sad  to  think  of  a  man  of  his  age — only  a  little  over 
forty — being  cut  off  in  the  prime  of  his  career,  when  he  was 
doing  such  excellent  work  and  making  himself  so  usefiil  to  his 
fellow-creatures,  and  I  am  quite  sure  that  you  will  all  agree 
with  me  that  it  is  our  bounden  duty  to  record  the  deep 
regret  which  we  all  feel  on  the  occasion.  I  therefore  beg  to 
move — "  That  the  Secretary  be  instructed  to  communicate  to  Mrs. 
'^  Patey  the  expression  of  the  deep  regret  felt  by  the  Council  and 
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^'  members  of  this  Institution  at  the  decease  of  Mr.  Patey,  and  of 
"  their  sincere  sympathy  with  her  in  her  bereavement." 

Professor  W.  Grylm  Adams,  F.R.S. :  I  beg  to  second  the 
proposition  which  has  been  made  by  Mr.  Spagnoletti. 

The  motion  was  unanimously  carried. 

The  Chaibman  :  The  first  business  of  the  meeting  is  the 
presentation  of  the  Balance-Sheet  for  the  year  1888,  a  a^y 
of  which,  having  been  sent  to  every  member  in  England,  it  will 
not  be  necessary  to  read  at  this  meeting ;  I  therefore  call  upon 
any  member  who  may  have  remarks  to  make  or  question  to  ask 
in  reference  to  the  accounts  to  do  so  now. 

After  a  pause, 

The  Chairman  :  As  no  one  appears  desirous  of  making  any 
comment,  I  beg  to  move — "That  the  Balance-Sheet  and  Statement 
"  of  Accounts  for  the  year  ending  31st  December,  1888,  as  now 
''  presented,  be  received  and  adopted.'*  * 

Mr.  Lauckert  seconded  the  motion,  which  was  carried 
unanimously. 

The  following  paper  was  then  read : — 

LABORATOKY  NOTES  ON  ALTERNATE-CURRENT 
CIRCUITS. 

By  Professors  W.  E.  Aybton,  F.R.S.,  V.P.,  and 
John  Perry,  F.R.S.,  Member. 

At  the  last  meeting  Professor  Perry  and  I  received  an  urgent 
request  from  your  indefatigable  Secretary  to  read  a  paper  at  this 
meeting,  as  unforeseen  circumstances  had  prevented  the  authors 
of  two  other  papers  from  sending  them  in  in  time.  We  pointed 
out  that  we  had  no  paper  ready ;  we  were,  however,  urged  to  do 
something,  and  it  occurred  to  us  that  possibly  some  short  account 
of  a  few  of  the  experiments  that  some  of  the  students  of  the 
Central  Institution  are  at  present  engaged  upon  might  be  of 
interest  to  the  members. 

You  are  of  course  all  aware  that,  when  you  are  dealing  with 

♦  For  Balance-Sheet  see  page  822a.  ^' 
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varying  currents,  self-induction  is  of  importance ;  indeed,  if  the 
alternations  are  only  sufficiently  rapid,  self-induction  completely 
replaces  resistance,  the  resistance  becomes  entirely  unimportant, 
and  self-induction  is  all-important.  In  the  case,  for  instance,  of 
a  well-made  transformer,  the  resistance  of  the  primary  circuit 
may  be  practically  neglected  altogether,  and  all  that  you  have  to 
consider  in  order  to  determine  what  current  will  flow  through  the 
primary  circuit  for  a  given  mean  potential  difference  at  the 
terminals,  is  the  effective  coefficient  of  self-induction.  In 
spite  of  the  importance  that  self-induction  possesses,  and  in 
spite  of  the  fact  that  the  largest  distributions  of  electric  power  in 
this  and  in  other  countries  are  carried  out  by  means  of  alternating 
currents,  there  is  a  wonderful  amount  of  ignorance  possessed  by 
us  all  as  to  what  is  the  coefficient  of  self-induction  of  any 
particular  circuit.  We  have,  in  fact,  no  instinctive  feeling  what- 
ever as  to  the  value  of  the  self-induction  of  a  coil  or  a  circuit  when 
we  see  it.  Some  time  ago  we  were  asked  by  a  well-known 
physicist  whether  we  could  tell  him  what  was  the  self-induction 
of  a  Thomson  reflecting  galvanometer  of  the  ordinary  form,  having 
about  7,000  ohms  resistance.  He  said,  "I  am  not  particular  to 
'*  50  per  cent.,  or  even  100  per  cent.,  but  can  you  give  me  any 
"  sort  of  idea  as  to  what  it  is  ?  Is  it,  for  example,  to  be  measured 
**  in  centimetres  or  in  miles  ?  and  is  it  a  large  number  of  miles  or 
**  a  small  number  of  centimetres  ?  "  Well,  that  impressed  upon  us 
how  little  was  any  instinctive  feeling  as  to  the  magnitude  of 
the  coefficient  of  self-induction  of  any  particular  coil  called  into 
existence  by  the  appearance  of  the  coil. 

As  an  example,  here  is  a  coil  wound  so  that  you  can 
see  the  number  of  layers,  as  well  as  the  number  of  convolu- 
tions in  each  layer.  The  wire  is  thick,  so  that  the  total 
number  of  convolutions  can  be  easily  counted,  and  is  seen  to  be 
600.  Now,  although  there  is  no  iron  in  this  core,  and  although 
the  windings  are  practically  symmetrical,  we  think  that  probably 
no  single  person  in  this  room  can  say  what  is  even  the  approximate 
value  of  its  self-induction.  Were  we  to  tell  you  that  the  resist- 
ance of  this  coil  were  a  megohm  or  a  microhm,  you  would  smile, 
because  your  experience  tells  you  that  the  resistance  must  be  of 
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the  order  of  a  few  ohms.  As  a  matter  of  fiict  it  is  1*34  ohm« 
Possibly  you  could  not  say  from  merely  looking  at  the  coil 
whether  its  resistance  was  half  an  ohm  or  5  ohms,  but  if  there 
be  DO  discontinuity  nor  short-circuit  you  are  perfectly  certain  that 
a  megohm  is  far  above  the  true  value,  and  a  microhm  far  below. 
But  if  we  were  to  tell  you  that  its  self-induction  was  a  million 
miles,  not  a  single  brow  would  be  raised  in  astonishment ;  or  if  we 
were  to  state  that  it  was  about  20  yards,  you  would  receive  that 
statement  with  perfect  equanimity ;  or  even  if  we  were  to  say  that 
it  is  about  100  miles,  you  would  not  smile,— well,  you  ought  not 
to  smile  in  that  case,  for  it  is  about  100  miles,  being  in  reality 
92  miles. 

Now,  how  have  we  got  this  clear  notion  with  reference  to 
resistance  ?  Obviously  by  a  large  number  of  measurements  having 
been  made,  by  our  having  had  to  find  out  what  was  the  resifltance 
of  all  sorts  of  lengths  of  wires  and  of  coils  of  various  sizes  and 
shapes,  and  therefore  we  know,  from  a  sort  of  instinct  which  has 
grown  up  as  the  result  of  a  large  number  of  measurements,  what 
is  roughly  the  resistance  of  any  particular  wire  when  we  see  it.  It 
therefore  seemed  to  us  that  it  might  be  of  some  interest  to  you 
to  have  the  results  that  have  been  obtained  by  various  students 
as  to  what  are  the  actual  coefficients  of  self-induction  of  some 
simple  circuits. 

The  experiments  have  been  made  by  various  groups  of  students 
under  the  charge  of  Mr.  Sumpner ;  in  £sust,  for  some  time  past, 
scarcely  a  coil  has  been  allowed  to  remain  peaceably  at  rest  in  our 
laboratory,  but  it  has  been  operated  on,  and  its  coefficient  of 
self-induction  measured.  Hence  our  students  are  just  beginning 
to  acquire  that  instinctive  feeling  of  which  we  have  spoken, 
regarding  the  magnitude  of  the  self-induction  of  different  circuits, 
and  it  is  our  desire  to  go  a  little  way  this  evening  towards  impart^ 
ing  that  feeling  to  you. 

First,  of  course,  we  must  be  fetmiliar  with  the  practical  unit  of 
self-induction.  We  should  like  to  be  able  to  say  that  of  course 
you  are  all  familiar  with  it,  but  in  view  of  recent  experience  we 
fear  that  that  would  be  too  great  an  assumption ;  for  only  quite 
recently,  at  a  meeting  of  the  Institution  of  Civil  Engineers,  a 
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very  large  mistake  was  made  by  a  well-known  electrical  engineer 
regarding  the  magnitude  of  the  unit  of  self-induction — ^a  mistake 
which,  we  pointed  out  at  the  time,  was  very  like  that  of  confusing 
the  distance  between  here  and  Charing  Cross,  which  is  about  a 
mile,  with  the  distance  from  here  to  the  sun,  which  is  about 
100,000,000  miles.  The  practical  unit  of  self-induction  is 
99,777  X  10*  centimetres ;  it  is  not  exactly  the  earth's  quadrant, 
in  consequence  of  the  legal  ohm  not  being  exactly  the  intended 
or  true  ohm,  and  therefore,  if  you  want  the  equation 

to  be  true  where  r  is  in  ohms,  C  in  amperes,  and  E  in  volts,  L 
must  be  expressed  in  a  unit  which  is  99,777  x  10*  centimetres, 
about  6,200  miles. 

For  want  of  a  better  name,  we  suggested  some  few  years  ago 
that  the  name  ^^  secohm ''  should  be  employed  for  this  unit,  it 
being  of  course  a  second  x  an  ohm,  so  that  a  secohm  is  really 
99,777  X  10*  centimetres,  or  about  6,200  miles,  or  two-hundredths 
of  a  secohm  is  rather  more  than  300  miles. 

When  making  that  suggestion,  we  showed  you  an  arrange- 
ment, which  we  called  a  secohmmeter,  for  enabling  the  coefficients 
of  self-induction  to  be  measured  with  the  same  facility  that  you 
have  been  accustomed  to  measure  an  ordinary  resistance  with  a 
Wheatstone's  bridge.  Of  course,  self-induction  only  shows  its 
effect  when  currents  are  varied.  You  cannot,  of  course,  measure 
it  by  steady  currents;  but  by  performing  certain  operations 
which  were  explained  to  you  some  two  years  ago,  you  are  able  to 
make  the  measurements  with  alternating  currents  or  varying 
currents  nearly  as  easily  as  you  are  accustomed  to  measure 
resistances  by  the  use  of  steady  currents. 

In  the  secohmmeter  that  we  devised  the  operation  that  was  per- 
formed was  this :  the  battery  circuit  was  alternately  made  and 
broken,  and  during  one  of  these  operations — say,  during  the  make 
of  the  battery  circuit— the  galvanometer  was  rendered  inoperative 
by  being  short-circuited,  so  that  during  every  break  of  that 
battery  circuit  the  battery  was  operative,  while  during  every  make 
the  galvanometer  ceased  to  be  operative.    In  that  way  the  effect 
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of  self-induction  was  apparently  to  increase  the  resistance  of  a 
particular  circuit  by  a  definite  amount,  depending  on  the  speed, 
and  from  the  apparent  increase  of  resistance  and  the  speed  the 
coefficient  of  self-induction  was  determined.  Since  then  we  have 
made  various  alterations  in  the  instrument.  One  improvement 
was  a  very  obvious  one — ^to  reverse  the  battery  instead  of  making 
and  breaking  the  battery  circuit;  and,  lastly,  to  reverse  the 
galvanometer  instead  of  short-circuiting  it ;  so  that,  at  present, 
with  the  latest  form  of  the  secohmmeter  we  alternately  reverse 
the  battery  circuit  and  the  galvanometer  circuit,  and,  as  four 
reversals  of  each  circuit  occur  for  each  rotation  of  the  commutator 
spindle,  the  sensibility  of  the  latest  form  is  eight  times  as  great 
as  the  first  form  that  we  had  the  honour  of  bringing  before  the 
Society  two  years  ago. 

The  commutators  can  be  driven  at  one  or  other  of  two  speeds 
relatively  to  that  of  the  driving  handle.  With  one  arrangement 
there  are  rather  more  than  eight  reversals  of  both  the  galvan- 
ometer and  of  the  battery  for  one  revolution  of  the  handle,  and 
with  the  other  twenty-four  reversals  of  each  for  one  revolution  of 
the  handle.  The  apparatus  is  so  constructed  that  the  speed  of 
the  fly-wheel  remains  the  same  relatively  to  that  of  the  handle, 
whatever  speed  ratio  be  employed,  and  hence  the  same  uniformity 
of  speed  can  be  obtained  with  either  speed  ratio.  The  secohm- 
meter can  be  conveniently  driven  by  hand  so  as  to  obtain  a 
constant  speed  of  reversal  varying  from  300  to  6,000  reversals  per 
minute  of  both  the  galvanometer  and  the  battery. 

To  shift  from  one  speed  ratio  to  the  other,  press  down  the 
end  of  the  locking  lever  at  the  right  of  the  secohmmeter,  and 
slightly  push  in  or  pull  out  the  handle,  turning  it  slightly  to 
assist  the  toothed  wheels  engaging  properly ;  when  engaged,  let  go 
the  end  of  the  locking  lever. 

With  the  original  form  of  the  instrument  we  proposed  to  use  a 
speed  indicator  attached  to  the  rotating  spindle,  but  we  pointed 
out  that  in  some  cases  it  would  be  desirable  to  dispense  with  the 
speed  indicator,  especially  in  view  of  the  difficulty  that  exists  in 
getting  a  good  cheap  speed-indicator;  and  so  most  of  the  measure- 
ments that  we  have  to  bring  before  you  to-night  have  not  been 
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made  in  accordance  with  the  first  method.  We  proceeded,  not  by 
comparing  the  coe£Scient  of  self-induction  in  terms  of  a  resistance 
and  a  time,  but  by  comparing  one  coefBcient  of  self-induction  with 
another.  You  know,  of  course,  if  you  have  a  Wheatstone's  bridge 
(Fig.  1)  with  two  wires  possessing  certain  resistances  rj,  r„  and 


FigU 

coefficients  of  self-induction  Xi  and  X,,  and  two  other  wires 
possessing  resistances  r,  and  r^^  but  no  self-induction,  that  if  you 
first  balance  for  steady  currents,  that  is,  satisfy  the  equation 


you  will  also  have  balance  for  varying  currents  if  in  addition  you 
make 

X,  r/ 
The  second  equation  can  be  fulfilled  without  disturbing  the 
resistances,  that  is,  without  altering  the  equality  of  the  resistance 
ratios,  if  one  of  the  arms  contains  an  apparatus  of  adjustable  self- 
induction  ;  and  further,  if  [the  value  of  self-induction  of  this 
apparatus  can  be  read  off  in  secohms  for  each  position  of  its 
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adjustment,  we  can  at  onoe  use  the  seeohmmeter  for  the  meaBure- 
ment  of  a  self-induction  without  the  use  of  a  speed  indicator. 

In  Fig.  1,  BC  is  the  commutator  for  periodically  reversing 
the  battery  connections,  and  OC  that  for  periodically  reyersiDg 
the  galvanometer  connections,  the  thick  lines  in  the  figure  repre- 
senting permanent  connections  in  the  seeohmmeter  itself,  and 
the  dotted  lines  connections  temporarily  made  outside  it.  When 
making  such,  a  comparison  between  an  unknown  and  a  known 
coefficient  of  self-induction,  the  speed  at  which  the  seeohmmeter 
handle,  iT,  is  driven  need  not  be  known,  but  the  greater  the  speed 
the  more  sensitive  the  test ;  the  rate  of  reversal  must  not,  how- 
ever, be  too  great  for  the  currents  to  reach  their  steady  values 
between  two  consecutive  reversals. 

The  variable  standard  of  self-induction  that  we  have  been 
employing  is  a  modification  of  that  used  by  Professor  Hughes  and 
by  Ix>rd  Rayleigh,  and  consists  of  two  coils  whose  planes  may  be 
made  to  have  any  angle  with  one  another.  The  speciality  of  oar 
apparatus  is  that  we  have  determined  the  exact  value  in  secohms 
of  the  self-induction  of  the  arrangement  for  various  positions  of 
the  coils  relatively  to  one  another.  The  values  are  recorded  on 
the  dial  fixed  to  the  larger  coil,  and  over  which  moves  the  pointer 
attached  to  the  smaller  coil.  The  instrument  thus  constitutes  a 
direct-reading  variable  standard  of  self-induction. 

The  wire  on  both  coils  is  of  platinoid,  so  that  the  variation  of 
resistance  by  temperature  is  practically  negligible.  The  smaller 
and  movable  bobbin,  which  we  call  A^  is  wound  with  299^  turns; 
the  larger  stationary  bobbin  with  two  coils,  one  of  49  turns, 
which  we  will  call  £,  and  the  other  of  147  turns,  called  (7.  B  and 
C  may  be  used  separately  or  together,  so  as  to  help  one  another, 
or  so  as  to  opi)ose  one  another.  There  are,  therefore,  four  com- 
binations, A  and  JB,  A  and  £—(7,  A  and  C,  A  and  JB+(7,  and 
with  each  of  these  arrangements  the  smaller  coil  may  be  turned 
round  through  180°.    The  range  of  the  instrument  is — 

A&B       I '"-"^l  ^"T°^] 0O135 to 0-0175 secohm, 
(.  self-mduction  from  ) 

A„B-C  „  0-0157  „  00229      „, 

A„C  „  00171  „  00283^*^„ 

A„B+C  „  00215  „  00365      „ 
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the  total  adjustable  range  is  thus  from  0*01356  to  0*0365  secohm, 
or  trmat  about  84  miles  to  226  miles.  It  will  be  observed  that  the 
various  component  ranges  overlap  one  another  fully,  so  that  many 
of  the  values  can  be  produced  with  two  arrangements,  which  is 
convenient  for  the  purpose  of  checking  the  accuracy  of  a  measure- 
ment. The  smallest  coefficient  of  self-induction  that  can  be 
obtained  with  the  particular  standard  is  by  the  use  of  coil  B 
alone,  which  corresponds  with  0*00096  secohm. 

The  apparatus  therefore  constitutes  a  direct-reading  secohm 
standard.  Although  the  coefficient  of  self-induction  of  the 
standard  can  only  be  made  to  have  successively  progressive  values 
from  0*0135  to  0  0365  secohm,  coefficients  of  self-induction  which 
do  not  lie  between  this  limit  can  be  measured:  for  example, 
suppose  the  unknown  self-induction  Xi  of  a  coil  of  resistance  Vi 
ohms  be  about  0*5  secohm,  then  we  add  a  resistance  r  to  r^,  so  that 

rL+r  =  rL  =  20,say, 

in  which  case  balance  for  varying  currents  will  be  obtained  when 

Zi  =  20  Zj ; 

and  since  20  Z,  varies  between  0*27  and  0*73  secohm,  these  limits 
include  0*5  secohm,  and  therefore  balance  can  be  obtained  on 
rotating  the  secohmmeter. 

The  following  are  some  of  the  results  that  the  students,  under 
the  guidance  of  Mr.  Sumpner,  have  obtained,  using  the  secohm- 
meter and  the  adjustable  secohm  standard  just  described : — 
Coil  wound  with  copper  wire  34  mills,  in  diameter,  covered  to 
about  48  mills.,  consisting  of  48j[,layers  with  13  convolutions 
in  each  layer,  wound  on  a  wooden  core  2  inches  thick  and  4 
inches  long. 

Z  =s  0*0147  secohm,    r  =  1*34  ohm,     —  =  0011  second; 

that  is,  the  "time  constant"  of  this  coil  is  0*011  second, 
which  is  the  time  required  for  any  current  to  rise  to 
0-06321  of  its  maximum  value  after  it  is  started  in  the  coil 
by  an  application  of  a  fixed  P.D.  between  the  ends  of  the  coil. 
VOL.  xvm.  21  "  ^  ' 
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Single  coUb  of  an  ordinary  Morse  receiver,  iron  oore  about  0*31 

inch  thick  and  3  inches  long.    Outside  diameter  of  coil  0*94 

inch. 

L  =  0-0936  secohm,    r  =  32  ohms. 

Another  single  coil   of  an   ordinary  Morse  receiver:   iron  core 

about  0*31  inch  thick  and  3  inches  long,  outside  diameter  of 

coil  1'25  inches. 

L  =  0*444  secohm,    r  =  50  ohms,    —  =  0*0089  second. 

T 

The  resistance  of  this  second  coil  is  only  J  that   of   the 
former,  but  its  self-induction  is  over  four  times  as  great. 
The  two  complete  coils  of  a  Morse  receiver  in  series,  with  iron 
sole-plate  and  armature — ^the  armature,  however,  being  rather 
a  small  one. 

L  =  0*265,    r  =  14  ohms,     —  =  0*018  second. 

Coil  of  a  low-reading  magnifying  spring  voltmeter  wound  with 
copper  wire  on  a  brass  bobbin,  no  iron  inside.  Length  of 
coil  2*88  inches,  external  diameter  3  inches,  diameter  of 
brass  bobbin  on  which  wire  is  wound  0-38  inch. 

L  =  1-462  secohm,    r  =  333*5  ohm,      —  =  0*0044  second. 

Single  coil  of  an  ordinary  Thomson's  reflecting  galvanometer. 

L 

L  =  2*56  secohms,      r  =  2,700  ohms,    -  =z  0*0007. 

Single  coil  of  a  very  high  resistance  Thomson's  reflecting  gal- 
vanometer, the  coil  being  of  about  the  ordinary  size. 

L 

X  =  70  secohms,    r  =  100,000  ohms,    ~  =  0*001. 

Comparing  these  two  last  results,  we  see  that  the  ratio  of 
the  self-induction  is  about  the  same  as  the  ratio  of  the 
resistances,  which  is  correct,  as  each  ratio  is  proportional  to 
the  square  of  the  number  of  turns  of  wire  when  the  coils  are 
of  the  same  size  and  shape.  Hence  the  time  constants  are 
about  the  same. 
An  ordinary  Ruhmkorff  induction  coil  intended  to  give  a 
2-inch  spark.  ^  t 

Secondary  coil,  L  =  51*2  secohms,    r  =  Si^OO^ohms, 
coefficient  of  mutual  induction,  0*46  secohm. 
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Ferranti  dynamo  intended  to  give  200  volts  and  40  amperes. 
Armaiure,    L  =  O'OOIS  secohm  for  one  phase, 

=  O'OOll       „       for  another  phase, 
when  no  current  is  passing  through  the  field  magnets. 
Fidd  Magnets  in  series  2/  =  0*61  secohm  for  a  small  excitation, 
r  =  3  ohms. 
Mather  &  Piatt  shunt  dynamo,  intended  to    give   100  volts 
and  35  amperes. 
Armatv/re  from  brush  to  brush, 

L  =  0-005  secohm,    r  =  0*215  ohm. 
Fidd  Magnds  in  series, 

Z  =  1 3*6  secohms  for  a  small  excitation,  r  =  44  ohms. 

When  there  is  iron  in  a  coil  the  value  of  the  self-induction 

depends,  of  course,  on  the  strength  of  the  current  employed  when 

making  the  observation,  and  on  the  way  in  which  this  current  is 

varied  for  determining  the  self-induction.    This  will  be  found 

very  fully  worked  out,  with  numerous  experimental  illustrations, 

i  in  a  paper  by  Mr.  Sumpner, "  On  the  Variation  of  the  CoeflScients 

I  "  of  Induction ''  (Proc.  Phys.  Soc.,  vol.  ix.,  part  iii.,  for  July, 

I  1888).    The  following  are  illustrations  of  the   sort  of  results 

I  obtained : — 

Eayperiments  on  the  Sdf-In^dion  of  a  Kapp  and  Sndl  2-H.P. 

Transformer, 

Through  one  of  the  circuits  of  the  transformer  of  approximate 
resistance  0*07  ohm  a  current  was  passed,  and  which  was  made  to 
have  successively  the  values  shown  on  the  table.  On  changing  its 
value  great  care  was  taken  that  the  change  was  steadily  in  one 
direction  without  any  fluctuations.  The  self-induction  of  the 
other  circuit  of  the  transformer  of  approximate  resistance  0*14 
ohm  was  measured  in  two  distinct  ways.  With  the  first  method 
the  secohmmeter  was  employed  to  rapidly  alternate  a  small 
current  of  0*01  ampere  through  this  circuit,  while  with  the  second 
f  method  the  self-induction  of  this  circuit  was  measured  by  starting 

a  small  current  of  0*037  ampere  through  this  circuit.  After  stopping 
this  current  the  iron  was  made  to  go  through  the  complete  mag- 
netic  cycle  before  making  the  next  observation  or  even  repeating 
the  former.    For  instance,  supposing  the  previous  measurement 
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was  made  by  starting  a  current  of  0*037  ampere  through  the  one 
circuit  when  the  steady  current  through  the  other  circuit  was 
—  2  amperes,  then  on  stopping  the  current  of  0*037  ampere 
the  current  through  the  other  circuit  was  first  increased  up  to 
+  10  amperes,  then  diminished  to  —  10  amperes,  and  lastly 
increased  up  to  —  1  ampere,  for  which  value  the  next  observation 
was  made. 

Currents  steadily  iTicreasing  from  Minus  to  Plus. 


steady  Current  in  one 
Circuit,  in  amperes. 

Oyolioal  Self-induction 

of  the  ofcher  Circuit, 

insecohmB. 

Self-Induction  of  the 
otherCiiouit,lnBeoohm8» 

measured  bv  starting 

a  small  positive  current 

in  tliis  drcuit. 

-  8 

o-oio 

•008 

-  C 

••• 

0016 

-  4 

••• 

0086 

-  2 

••• 

0100 

-  1 

••• 

0-156 

0      . 

0080 

0-210 

•4-     1 

... 

0-264 

+  2 

••< 

0-260 

+  4 

*>• 

0-064 

+   6 

••• 

0016 

+  8 

0-010 

0-016 

Currents  steadily  Diminishing  from  Plus  to  Minus. 


steady  Current  in  one 
Circuit,  in  amperes. 

CycUoal  Self  Induotion 

of  the  other  Circuit, 

inseoohms. 

SeU-Inductionofthe 
oiherOirouiMnseoohms, 

measured  by  starting 

a  small  neeatiye  current 

in  1^  circuit. 

+   8 

0-010 

0*008 

+  6 

••• 

0-012 

■*-  4 

... 

0-028 

+  2 

... 

0-092 

+   1 

••• 

0-144 

0 

0-030 

0-208 

-  1 

... 

0-264 

-  2 

... 

0-240 

-  4 

••• 

0-092 

-  6 

-  8 

0-010 

niniri7Prl  hv  VlOOC 

le 
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As  has  been  already  pointed  out,  the  presence  of  iron  in  a 
circuit  causes  the  self-induction  of  that  circuit  to  have  very 
difiFerent  values ;  and,  further,  it  causes  the  value  of  the  self- 
induction  to  depend  on  the  rate  on  which  any  particular  change 
in  the  magnetic  induction  is  effected.  For  example,  if  the  current 
through  one  circuit  of  the  transformer  be  kept  quite  constant, 
and  the  secohnmieter  be  used  to  alternate  a  definite  small 
current  through  the  other  circuit,  the  value  of  the  cyclical  self- 
induction  diminishes  somewhat  as  the  speed  of  alternation  is 
increased. 

When  we  had  the  honour  of  first  bringing  the  secohmmeter  to 
your  notice  in  1887,  we  exhibited  certain  curves  (Fig.  3,  page 
^07,  Jov/r.  Soc.  Td.  Engrs.y  part  67,  vol.  xvi.,  1887)  showing  the 
apparent  increase  of  resistance  of  a  circuit  containing  no  iron  when 
the  secohmmeter  was  turned  at  different  speeds,  and  certain  other 
curves  (Fig.  4,  page  310)  for  the  apparent  increase  of  resistance 
when  an  iron  core  was  inserted  in  the  coil.  The  first  set  of 
curves  are  straight  lines,  while  the  second  show  a  distinct  curva- 
ture. This  curvature  we  attributed  at  the  time  to  the  fact  that 
with  high  speeds  of  the  secohmmeter  the  time  constant  of  the 
circuit  when  the  iron  core  was  inserted  was  too  large  for  the 
current  to  reach  its  steady  value  when  the  battery  circuit  was 
closed,  or  for  the  cuiTent  to  die  away  when  it  was  opened.  But 
on  Mr.  Sumpner's  subsequently  attacking  this  subject  both 
experimentally  and  theoretically,  he  found  that  the  increase  of  the 
time  constant  produced  by  the  insertion  of  the  iron  was  not 
sufficient  to  explain  the  large  amount  of  bending  of  the  curves. 
Hence  we  concluded  at  the  beginning  of  1888  that  the  bending 
was  mainly  due  to  a  magnetic  lag.  At  about  the  same  time  we 
obtained  evidence  that  when  the  speed  of  the  secohmmeter  was 
very  greatj  and  the  lead  very  small,  the  insertion  of  the  iron  core 
in  a  coil  actually  diminished  the  self-induction  of  the  circuit — a 
result  that  we  feared  at  the  time  must  be  due  to  some  defect  in 
the  coil,  but  which  the  recent  investigations  of  Dr.  Lodge  now 
show  to  be  quite  possible.  This  subject  we  are  at  present  investi- 
gating further.  ,, ,  ,^^, ,  Cooc^Ie 

Some  time  ago  we  drew  attention  to  the  fact  that  the  accuracy 
of  the  measurement  bv  means  of  a  wattmeter  of  the  Dower  iriven 
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by  an  alternate  current  to  a  circuit  possessing  self-induction 
depended  on  the  relative  values  of  the  time  constant  of  the  fine- 
wire  circuit  of  the  wattmeter  and  the  time  constant  of  the 
circuit  the  power  given  to  which  it  was  desired  to  measure. 

Our  result  was  criticised  bj  Mr.  Blathy  in  the  Electrician  for 
April  6th,  1888,  who  made  certain  calculations  regarding  the  use 
of  the  wattmeter  constructed  by  Messrs.  Ganz  &  Go.  tending  to 
show  that  the  correction  pointed  out  by  ourselves  was  an  unimpor- 
tant one.     We  take  the  opportunity  of  drawing  Mr.  Blathy's 
attention  to  the  fact  that  in  his   calculations  he  has  under- 
estimated the  value  of  the  self-induction  of  the  suspended  coil, 
and — what  is  equally  important — ^neglected  altogether  the  self- 
induction  of  the  so-called  non-inductive  portion  of  the  fine-wire 
circuit.    Taking  the  actual  specimen  of  the  wattmeter  we  possess, 
we  find  that  the  suspended  coil  of  resistance  2  ohms  has  a  self- 
induction  0-00042  secohm.    This  is  about  twice  what  Mr.  Blathy 
allows  for  it.    Further,  two  of  our  students — Messrs.  Lamb,  and 
E.  W.  Smith — on  making  a  calculation  as  to  the  self-induction  of 
the  very  carefully  cUnMy  wound  resistance  coil  of  some  980  ohms 
which  is  placed  in  the  fine-wire  circuit,  find  that  it  is  0*00025 
secohm,  which  is  more  than  half  the  value  for  the  inductive  coil* 
And  if,  .in  the  hypothetical  case  taken  by  Mr.  Blathy,  a  dovJbly 
wound  resistance  coil  of  100,000  ohms  be  employed,  made  of  the 
same  wire  as  is  used  in  the  coil  of  980  ohms — and  this  would  be 
necessary,  since,  the  suspended  coil  remaining  the  same,  the 
current-density  in  the  high-resistance  circuit  must  remain  con- 
stant— they  find  that  the  self-induction  of  the  doubly  wov/nd 
resistance  will  be  0*025  secohm ;  so  that  the  self-induction  of  the 
high-resistance  circuit  will  be  about  one  hundred  times  as  great 
as  is  supposed  by  Mr.  Blathy. 

For  the  purpose  of  enabling  practical  men  to  calculate  the 
self-induction  of  doubly  wovmd  coils  made  of  conducting  wire  of 
diameter  c2,  covered  to  a  diameter  D,  and  placed  parallel  to  one 
another,  with  their  insulating  coverings  in  contact,  we  give  the 
following  formula : — 

422  X  fo^M.f  +  173       ^ ,      Cooale 

.^^  Xr,  m  secohms,  = r— X  total  length  of  going 

and  return  wire«  in  yards. 
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A  Shunt  Transformer. 
The  following  problem  presented  itself  to  our  student  Mr. 
Smith,  whose  name  we  have  just  mentioned ;  and  as  his  solution 
depends  on  the  lag  produced  by  self-induction,  we  have  thought 
that  this  may  be  a  fitting  opportunity  for  bringing  the  matter 
forward.  The  problem  is  as  follows: — ^If  a  certain  alternate 
potential  difference  be  maintained  between  two  mains,  M  M 
(Fig.  2),  between  which  there  are  two  incandescent  lamps,  P  and 
Qy  is  it  possible  to  make  the  sum  of  the  mean  potential  differences 


Fio.  2. 

maintained  at  the  terminals  of  the  lamps  greater  than  the  mean 
potential  difference  maintained  between  the  mains  without' 
disconnecting  the  lamps  from  the  mains  and  inserting  an 
ordinary  transformer?  For  example,  suppose  that  the  mean 
pot^itial  difference  between  the  lamps  be  100  volts,  and  it 
requires  a  mean  potential  difference  of  55  volts  to  be  maintained 
between  the  terminals  of  each  lamp  to  make  it  glow  properly, 
can  this  reiult  be  attained  without  disconnecting  the  lamps  &^- 
tfae  mains? 
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Let  1111  (Fig.  3)  represent  the  curve  of  impressed  potential 
difference :  then  this  may  be  regarded  as  being  composed  of  two 


Pig.  3. 
coincident  curves,  1  2, 1  2,  the  ordinates  of  which  are  each  exactly 
half  the  corresponding  ordinates  of  the  original  curve  1111.  Now 
let  it  be  possible  to  retard  one  of  the  smaller  curves  and  accelerate 
the  other  so  that  they  take  some  position  like  3  3  3  3  and  4444 
(Fig.  4):  then,  since  the  sum  of  the  corresponding  ordinates  of  these 


Fio.  4. 

two  curves  is  equal  to  the  corresponding  ordinates  of  the  original 
curve,  it  follows  that  the  mean  value  of  the  ordinates  of  each  of 
these  cv/rvea  must  be  greater  than  half  the  mjean  value  of  the 
ordn/nates  of  the  original  curve.  Mr.  Smith's  view  was,  if  one  of 
the  lamps,  P,  were  shunted  with  a  high  resistance  possessing  much 
self-induction  (Fig.  6),  and  the  other  lamp,  Q,  with  a  non-inductive 
high  resistance,  the  wave  of  potential  difference  at  the  terminals  of 
P  would  be  accelerated,  while  that  at  the  terminals  of  Q  would  be 
retarded,  as  shown  in  Fig.  4 ;  hence  the  result  would  be  that  the 
brightness  of  the  two  lamps  would  be  increased  by  the  application 
of  the  high-resistance  inductive  shunt  and  the  high-resistance 
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non-indactive  shont— «  result  which  experiment  shows  to  be 
correct. 


Fig.  5. 
It  will  probably  be  objected  to  this  solution  that  it  cannot  be 
employed  without  introducing  a  large  waste  of  power,  and  there- 
fore can  have  no  practical  value.  But  exactly  the  same  objection 
was  raised  some  years  ago  to  the  employment  of  the  ordinary 
transformer.  And  just  as  the  practical  importance  of  using 
transformers  has  led  to  such  improvements  being  made  in  them 
that  the  waste  of  power  introduced  by  their  use  is  &r  more  than 
compensated  for  by  the  economy  they  introduce  into  electric  dis- 
tribution, so  in  the  same  way  is  it  not  possible  that  Mr.  Smith's 
solution  may  be  so  improved  that  the  gain  in  power  arising  firom 
working  incandescent  lamps  at  their  best  efficiency  may  more 
than  compensate  for  the  loss  of  power  in  his  '^  shunt  transformer  "  ? 

On  the  Effect  of  Self-Induction  in  Destkoying  Kipples. 
In  the    discussion  on  Mr.  Kapp's  paper,  and    on    former 
occasions,  we  have  described  to  the  Society  the  effect  of  self- 
induction  in  causing  the  current  in  an  alternating-current  circuit 
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to  become  more  and  more  a  sine  function  of  the  time.  We 
assumed,  of  course,  that  there  was  a  fixed  self-induction  of  the 
circuit,  and  we  were  not  considering  the  possibility  of  the 
presence  of  iron  making  the  self-induction  vary,  as  we  know  that 
it  does.  We  have  stated  that  the  minor  ripples  or  harmonics 
never  wholly  disappear. 

The  following  is  the  mathematical  investigation  of  this 
problem : — 

The  electro-motive  force  being  any  periodic  function,  it  may  be 
expressed  in  the  shape— 

E=.Eo+  ^  ^8vn.(^^^t  -  6,)        ...        (1) 


and  as 

(2) 

(3) 


(2)        ...  £=  rC'  + i^,  wehaveforC 


1 

We  may  for  any  alternating  current  from  any  existing  machine 
which  is  not  in  series  with  any  constant-current  machine  assume 
that  Eo  =  0.  (It  is  of  course  obvious  that  as  self-induction 
increases  all  the  variable  part  of  C  diminishes,  leaving  any 

constant  part  — "   of  more  and  more  importance,  so   that,  for 

example,  self-induction  in  the  circuit  of  any  approximately 
constant  current  machine  tends  to  make  the  current  more 
constant,  diminishing  the  ripples  indefinitely  as  L  gets  greater 
and  greater.)    If,  then,  Eq  =  0,  and  if  we  use  a,-  to  denote 


then  the  values  of  Oi,  os,  o,,  &c.,  for  various  values  of  ysf  are  given 
in  the  following  table :— > 
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L 
Tr 

«i 

«. 

«s 

«4 

0 
•02 
•1 
•2 

10 
10-0 

Ix^ 

r 

•992  x^ 

•84   x^ 

r 

•626  X  ^ 

r 

•16  x^ 

r 

•016x^1. 

r 

Ix?^ 

r 

•97     x^ 

•628   x^ 

r 

•87     x?a 

r 

•079  x^ 

r 

•0079  x  ^ 

r 

Ix^ 
r 

•933   x^ 
r 

•469   x^ 
r 

•258   x^ 

r 

•065   x?^ 

r 

•0056  X  ^ 

r 

Ix'^-A 

r 
•8936  X  ^ 

•3696  x^ 

r 

•1951  X  ^ 

r 

•0398  x^ 

r 

•0040x?^ 

r 

A  glance  at  this  table  shows  the  way  in  which  self-induction 
canses  the  overtones  or  ripples  to  diminish  relatively  to  the 
fundamental  tone. 

For  the  purpose  of  seeing  this  more  clearly,  we  will  now 
assume  that  in  every  case  the  coefficient  of  the  first  term  is  1 ;  so 
that,  calling 


c  = 


by  the  symbol  c, 


8inA 


f2iir 


t  —6i^  tan." 


2irLi\ 

Tr    J 

(4) 


of  which,  of  course,  the  amplitude  of  the  first  term  is  1. 

If  we  denote  the  amplitudes  of  the  various  terms  by  /9i,  )3s,  /S,, 

&c.,  we  have  for  the  following  values  of  -jp —  the  following  values 

of  these  amplitudes;  we  shall  denote  a<  -s-  otiby  the  symbol  7<: — 


L 

T  r 

», 

/9. 

0. 

»* 

0, 

0 

Tt 

T. 

7* 

7. 

•02 

•98  T. 

•942  V, 

•90  7« 

•8616  7, 

•1 

Ml  y. 

•549  7, 

•4474 

•8667. 

•2 

•602  T, 

•411  7. 

•812  74 

•2626  7. 

l-O 

•6000  y. 

•845  7. 

•26  74 

•2075  7. 

10H> 

•6000  T, 

•883  7, 

•2600  74 

•2000  7^1 
•2000  7. 

e 

100-0 

•6000  r. 

•8887, 

•2600  74 
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We  see  that,  however  great  jp—  may  be,  the  amplitudes  of  the 

overtones  relatively  to  the  fundamental  cannot  be  reduced  more 
than  from 

1       7«        7«        74        7*    &c.,  when  y-^  =  0  to 

1     i  7l       3  73     t  74      5  7»  <^'>  ^^®^  jT-^  =  ^* 

Hence,  if  the  EJVI.F.  does  not  follow  truly  a  sine  function  of 
the  time,  the  current,  although  it  may  be  made  more  nearly  a 
sine  function  of  the  time,  cannot  truly  become  so,  however  great 
the  self-induction  may  be. 

Example  I. 
Let  us  take  what  is  probably  the  most  discontinuous  periodic 
function  which  we  can  imagine  as  occurring  in  practice.     That  is, 


Fig.  6. 

let  us  imagine  the  E.M.F.  at  time  0  to  have  suddenly  increased 

from  —  7  to  +  F, 

T 

at  time  ^  =  -  to  suddenly  diminish  from  F  to  —  F, 

at  time  t  =  T  to  suddenly  increase  from  —  F  to  +  F, 

T       3  T 
and  so  on,  remaining  constant  except  at  times  0, -,  T,  -^^  2  T,  &c. 

Such  a  variation  of  E.M .F.  is  shown  by  -4  G  D  F  G  (Fig.  6). 
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It  is  easy  by  the  use  of  Fourier's  theorem  to  show  that  the 
E.M.F.  satisfies  the  law 

80  that^the  current  satisfies  the  law 
(6)         . «o 


axn.-Tir  t  +  -f.8vn.—fir  t  +  &c.  1  (5) 


C  = 


7i  8in, 


care  being  taken  that  {  is  an  odd  number. 

The  actual  value  of  Fdoes  not  affect  the  nature  of  our  results, 

4V 
so  we  have  taken  Fsuch  that  —  =  1. 

Trr 

And  if  (6)  is  written  in  the  shape — 

C  =    ^  at  am.  (-^  -  «<)  —         (7) 

the  following  table  shows  the  values  of  at  (the  amplitude)  and 
Ci  (the  lag)  of  the  fundamental  and  overtones  for  various  values 


L 

«I 

1 

«s 

e. 

1   "• 

«. 

1   •' 

«7 

0 

1 

0 

•838 

0 

•2000 

0 

1  148 

0 

•02 

0-99 

70*2 

•811 

210 

•167 

820 

j  ^107 

420 

•1 

0-84 

820-2 

•168 

620-1 

•061 

720.4 

•081 

7702 

•2 

0-625 

610-5 

•086 

7601 

■0316 

81O-0 

1  •0168 

880-6 

1-0 

0-16 

81O-0 

•0184 

860-9 

•0066 

880-2 

■0086 

880-6 

10-0 

0-016 

890-5 

•00184 

890-7 

•00066 

890-8 

•00086 

890-9 

100-0 

00016 

90O 

•000184 

90O 

•000066 

900 

•000086 

90O 

As  a  matter  of  fact,  we  have  found  it  necessary  to   compute 
values  of  a  and  e  as  far  as  ai,  and  e^  for  some  of  the  smaller  values 

of  ^_-,  but  it  is  not  necessary  to  give  all  such  results. 

T  T 

It  is  here  observable  that,  however  great  yp—  may  be,  the 

amplitude  of  the  first  harmonic  cannot  be  less  than  l-9th  of  the 
fundamental  sine  function,  nor  the  second  l-25th,  nor  the  third 
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l-49th.  We  have  plotted  in  Fig.  6  curves  showing  the  way  in 
which  the  current  varies  when  the  values  of  fp—  are  0,  '02,  '1, 
*2,  1.    The  distance  B  H  represents  T,  the  periodic  time. 

When  jjf—  =  0  we  know  that  the  broken  line  A  B  C  D  E  F 
1  r 

shows  how  the  current  ought  to  vary.    The  dotted  line  A'  B'  G 

jy  E'  F'  0'  shows  the  result  of  an  attempt  to  calculate  the 

current  when  jp —  =  0  fix)m  the  formula,  using,  if  we  remember 

rightly,  a^  and  e^. 

When  yp-  =  '02  we  found  that  it  was  necessary  to  calculate 

Oi;  and  6,7  before  we  felt  justified  in  neglecting  higher  terms. 
The  current  curve  is  shown  in  A"  B"  G"  D"  E"  F'  0". 

When  ^  =  -1  the  current  curve,  ^'"  S'^' C'^' i)''' JF''',  has 

departed  further  from  the  broken  straight  line  shape. 

When  A  =  -2  we  have  A''"  B"" Q'"\ 

WTien  jjr-  =  I'O  we  have  Jij  B^  A  E^  0^. 

It  wiU  be  found  that  as  ^ —  gets  greater  and  greater  the 

current  tends  more  and  more  to  follow  the  law  indicated  by  the 
curve— or,  rather,  straight  line— shown  in  Fig.  7 ;  and  this  is  the 


Fig.  7. 
nearest  approach  to  a  sine  function  which  the  current  can  attain 
to  with  such  a  discontinuous  E.M.F.  as  we  have  taken.     In  fact, 
in  the  limit,  0  tends  to  follow  the  law 

^0ocC08.^t-^   lc08.^t  +  ^CC8.^t  +   &C.      (8) 
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Example  IL 
We  give  another  rather  discontinuous  periodic  function  as  an 
example.  We  assume  that  the  E.M.F.  varies  in  the  way  shown 
on  Fig.  7  ;  but  although  this  satisfies  a  law  such  as  is  shown  in 
(8),  we  prefer  to  let  time  be  measured  from  0',  and  then  when  V 
is  the  greatest  +  or  —  value  of  the  electro-motive  force, 

„        ^   jr    S  '     ^TT.        1.6  7r.^l      .     10  TT. 

...         (9) 


—  ITT.   6in.  —rn-  <    +    &C> 


49 


T 


(7  = 


^  r  i'/y/l  + 


8171. 


f2iTr 


(t'- 


ta/n." 


i  being  odd,  and  the  terms  being  alternately  +  and  — • 

8  V 
For  ease  of  calculation,  taking  -j—  =  1,  and  writing 


C  =  ^  QiSin.  (--jT^  -  «<)> 


we  have  the  following  values  of  a<    and  6^  for  various  values 


L 

«i 

^1 

-  «3 

«3 

«» 

'' 

-  «7 

^1 

0 

1 

0 

•nil 

Q 

•0400 

0 

•0204 

0 

•02 

•99 

70-2 

•104 

210 

•0388 

320 

•0163 

420 

•1 

•84 

320.2 

•051 

620-1 

•012 

720-4 

•0046 

770-2 

•2 

■626 

610-5 

•0285 

7601 

•0063 

810-0 

•0023 

830-5 

1-0 

•16 

810-0 

•00613 

860-9 

•00133 

880-2 

•00061 

880-6 

10-0 

•016 

890-5 

•00061 

890-7 

•00013 

890-8 

■00006 

890-9 

100-0 

•0016 

90O 

•000061 

900- 

•000013 

90O 

•000005 

90O 

We  have  drawn  the  curves  representing  G  for  the  values  of 
=  0,  0-01,  and  0*1  in  Fig,  8,  the  distance  A  E  representing 
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T,  the  periodic  time. 


806 


LABOBATOBT  NOTES  ON 


[March  28Ui, 


ABODE        shows  current  when  -7^—  =  0 ; 


A'B'C  D'E' 
A"  B*"  (T  IT  W 


L 
L 


=  -1; 
=  1. 


The  ordinates  of  this  last  curve  (for  -jp—  =  1)  have  been  magnified 
ten  times. 

It  is  evident  that  even  when  E  is  such  a  very  discontinuous 

B 


Fio.  8. 
function  as  this,  a  moderate  amount  of  self-induction  makes  the 
current  what  is  very  nearly  a  pure  sine  function  of  the  time. 

It  is,  however,  obvious  that,  however  great  -= —  may  be,  it  is 

impossible  to  have  the  overtones  smaller,  in  proportion  to  the 
fundamental,  than  we  have  in 

4FT    r        27r.        1  Git,    .      1 

1 


C  = 


w'i 


27r,        1  6Tr  .  ^ 

{co8.-^t-^-^cos.^t-^  125 


CO8,  —jp-  t  —  &c.  v 


Electric  Frequency  Meter. 

Some  time  ago  one  of  us  suggested,  during  a  discussion  on 
transformers,  that  a  method  might  be  used  for  analysing  an  alter- 
nate-current wave  which  somewhat  resembled  the  employment  of 
Helmholtz's  resonators  for  analysing  a  complex  sound  vibration. 
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The  method  then  proposed  consisted  in  sending  through  one  of 
the  coils  of  a  dynamometer  the  current  to  be  analysed,  and 
through  the  other  an  alternate  current  of  known  frequency,  and 
vaiying  the  frequency  of  the  test  current  until  an  attraction  was 
observed  between  the  two  coils.  The  smallest  frequency  of  the 
test  current  that  will  produce  such  an  attraction  gives  the  funda- 
mental rate  of  alternation  of  the  current  which  is  being  analysed, 
and  the  magnitude  of  the  attraction  between  the  two  coils  of  the 
dynamometer  the  amplitude  of  the  fundamental  rate  of  alter- 
nation. The  frequency  of  the  test  current  is  then  gradually 
increased  until  an  attraction  is  again  observed  between  the  dyna- 
mometer coils,  from  which  the  frequency  and  amplitude  of  the 
first  higher  rate  of  alternation  is  determined,  and  so  on  for  all  the 
component  vibrations. 

This  method  has  been  used  with  a  certain  amount  of  success 
by  Messrs.  Lamb  and  E.  W.  Smith  at  the  Central  Institution  for 
the  analysis  of  the  current  produced  by  the  Ferranti  machine 
Previous  experiments  had  shown  us  that  this  current  was  not  a 
simple  sine  function  of  the  time,  as  the  curve  rises  less  rapidly 
and  falls  less  rapidly  than  a  true  sine  curve.  The  difference,  how- 
ever, between  the  two  is  not  very  great,  and  the  unimportance  of 
the  harmonics  compared  with  the  fundamental  rate  of  vibration 
in  the  current  curve  of  the  Ferranti  machine  renders  the  analysis 
of  this  current  a  severe  test  of  the  method,  which,  however,  was 
sufficiently  sensitive  to  show  that  the  Ferranti  current  wave  con- 
sists of  a  fundamental  rate  of  alternation,  no  appreciable  com- 
ponents either  for  twice  or  three  times  the  fundamental  rate  of 
alternation,  but  sensible  components  having  respectively  four  and 
five  times  the  rate  of  alternation  of  the  fundamental ;  that  is,  the 
alternation  is  made  up  of  a  fundamental  and  the  third  and  fourth 
harmonic. 

Quite  recently  two  of  our  students — Messrs.  Healing  and 
Le  Tall — ^have  been  experimenting  on  another  resonance  method 
of  analysing  an  alternate-current  vibration  which  we  have 
suggested  to  them,  and,  considering  how  rough  is  the  apparatus 
they  have  been  using,  and  how  short  a  time  they  have  been 
engaged  on  this  new  method,  the  results  are  unexpectedly 
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satisfactory,  and  appear  to  show  that  this  method,  which  is 
extremely  simple,  is  one  of  great  promise.  The  alternate  current 
to  be  analysed  is  passed  through  a  stretched  wire,  F  Y  (Fig.  9), 
the  length  or  tension  of  which  can  be  varied  as  in  a  monochord. 


I'M.  ». 

j^  5,  magnet  prodncing  permanent  iSeld.  Y  F»  wire  conveying  alternate 
current,  and  tuned  so  that  its  natural  period  of  vibration  agrees  with  that  of 
the  alternate  current,    i?,  altemate^urrent  dynamo. 

This  wire  is  in  a  magnetic  field  produced  by  a  permanent 
magnet,  iV/S,  or  by  an  electro-magnet,  or,  best  of  all,  by  a  coil  of 
wire  surrounding  <the  wire  T  V  as  a  flat  galvanometer  coil 
surrounds  the  needle.  As  the  current  in  the  wire  alternates  the 
wire  receives  impulses  backwards  and  forwards  across  the  lines  of 
force  produced  by  the  magnetic  field,  and  if  the  length  and 
tension  of  the  wire  be  adjusted  by  trial  until  the  natural  time  of 
vibration  of  the  wire  agrees  with  the  periodic  time  of  variation  of  the 
alternate-current,  the  wire  oscillates  vigorously  with  an  amplitude 
from  14  to  2  inches,  emitting,  of  course,  a  musical  note.  The 
sudden  way  in  which  the  wire  starts  vibrating  when  its  length  and 
tension  are  just  right  is  very  striking.  The  frequency  can  be 
determined  from  the  musical  note  emitted  by  the  wire ;  but  as 
that  would  require  tuning-forks  or  some  other  apparatus  having 
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fixed  rates  of  vHnration,  as  well  as  a  musical  ear,  we  prefer  to 
determme  the  frequency  by  usiug  the  well-known  formula  for  » 
vibrating  string,  viz^  _ 

where  n  is  the  frequency,  I  the  length  of  the  wire  in  centimetres, 
t  the  tension  in  dynes,  and  m  the  mass  in  grammes  per  centi-^ 
metre  of  the  wire. 

In  the  first  experiments  we  commenced  with  the  wire  com- 
paratively slack,  and  on  gradually  tightening  it  up  it  was  seen  to 
vibrate  very  slowly.  Holding  one's  finger  on  the  wire  and  count- 
ing the  vibrations,  they  were  found  to  correspond  with  the. 
speed  of  ^^e  engine  driving  the  alternate-current  dynamo,  2), 
which  was  sending  the  alternate  current  through  the  wire.  On 
tightening  up  the  wire  a  little  more  it  responded  to  twice  this 
rate  of  vibration,  which  may,  perhaps,  have  corresponded  with 
the  number  of  pistcHi  strokes ;  then  the  wire  required  a  good 
deal  of  tightening,  when  it  suddenly  burst  into  vibration,  atid 
on  calculating  the  value  of  n  from  the  formula  just  given,  a 
result  was  obtained  closely  agreeing  with  the  electric  frequency, 
which,  with  the  particular  dynamo  employed,  was  eight  times 
the  number  of  rotations  of  the  armature  per  second.  On 
tightening  the  wire  stUl  more,  shriller  notes  were  heard,  and 
smaller  waves  seen  superadded  on  the  fundamental  vibration 
of  the  wire  as  a  whole.  We  were  at  first  afraid  that  the 
analysis  of  the  harmonics  of  the  alternate  current  would  be 
troubled  by  the  vibrating  wire  having  harmonics  of  its  own, 
bat  we  were  reminded  by  Mr.  Lamb  of  the  well-known  fact— 
which  we  ought  to  have  remembered — that  the  harmonics 
possessed  by  the  vibrating  string  of  a  musical  instrument  are 
impressed  on  it  in  the  act  of  setting  the  string  in  vibration, 
or,  in  other  [words,  that  a  string  has  no  harmonics  of  its  own. 
Hence  we  [may  safely  conclude  that  the  higher  rates  of  vibra- 
tion seen  and  heard  with  our  wire  are  really  due  to  harmonics 
in  the  alternate-current  wave  itself.  To  determine  the 
frequency  and  amplitude  of  each  of  these  harmonics  the 
length  and  tension  of  the  wire  are  adjusted  until  its  natural 
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period  of  vibration  agrees  with  the  particular  harmonic  sought 
for  in  the  alternate  current,  and  which  agreement  is  evidenced 
by  the  vmre  vibrating  vigorously  when  it  is  attained. 

We  have  not  yet  gone  beyond  this  point  in  our  experiments, 
but  some  modifications  and  developments  of  the  method  that 
have  occurred  to  us  may  be  briefly  referred  to.  Instead  of 
tuning  the  wire  to  accord  successively  with  each  of  the  har- 
monics sought  for,  it  may  be  found  convenient  to  have  a 
number  of  wires  tuned  to  give  out,  and  therefore  to  respond  to, 
different  notes,  as  in  a  harp,  and  placed  in  a  magnetic  fields 
then  to  send  the  alternate  current  to  be  analysed  through  them 
in  parallel  or  in  series  (probably  the  latter  would  be  better), 
and  observe  which  of  the  wires  vibrate,  and  what  are  the  various 
amplitudes  of  vibration.  Or,  instead  of  sending  the  alternate 
current  through  the  stretched  wire  or  wires,  it  may  be  sent 
round  a  solenoid  or  electro-magnet,  and  a  direct  current  sent 
through  the  stretched  wire  or  wires,  placed  relatively  to  the 
solenoid  so  that  a  current  in  the  wire  or  wires  is  deflected 
by  a  current  passing  round  the  solenoid.  Or,  in  place  of  a 
vibrating  wire,  a  magnetic  tongue  the  natural  rate  of  vibra* 
tion  of  which  can  be  varied  by  altering  its  length  or  its  moment 
of  inertia,  or  in  some  other  convenient  way,  may  be  placed  near 
a  solenoid  or  electro-magnet  round  which  flows  an  alternate 
current.  Or  a  set  of  such  tongues  tuned  like  the  vibrating 
springs  of  a  mouth  organ  may  be  employed  to  analyse  an 
alternate  current  sent  roimd  a  solenoid  or  electro-magnet. 

In  the  figure  the  alternate-current  dynamo  is  shown  near  the 
vibrating  wire,  but  it  will  be  obvious  that  any  one  of  these 
arrangements  may  be  employed  to  measure  the  frequency  of  an 
alternate  current  at  aiiy  distcmce  from  the  dynamo.  Or  they  may 
be  used  simply  to  m  asure  the  speed  of  the  dynamo  at  any  point 
of  the  circuit  throur  which  flows  the  alternate  current  produced 
by  the  dynamo,  if  t  h  i  umber  of  alternations  per  revolution— which 
is,  of  course,  a  defin  *  number  for  each  dynamo — be  known.  Or, 
generally,  if  there  attached  to  any  moving  mechanism  some 
arrangement  for  n*  '  ing  and  breaking  a  current,  or  varying  the 
strength  of  a  curre:> .  iny  one  of  these  methods  may  be  used  at  any 
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distance  from  the  moving  mechanism  to  measure  the  frequencj, 
and,  therefore,  the  speed  at  which  the  mechanism  is  moving. 
So  that  the  arrangement  can  be  used  as  a  simple  speed-indicator 
for  indicating  at  a  distance  the  speed  of  moving  machinery. 

If  the  vibrating  wire  consist  of  two  or  more  wires  mechanically 
joined  together,  but  electrically  insulated  from  one  another  so 
that  different  currents  can  be  passed  through  them,  then,  if  the 
currents  be  of  the  same  frequency,  we  can  use  our  method  for 
comparing  the  mean  value  of  the  algebraic  sum  of  the  currents 
with  the  mean  value  any  of  one  of  them ;  and  by  comparing  the 
mean  value  thus  found  of  the  algebraic  sum  of  two  currents  with 
what  the  mean  value  would  be  were  there  no  difference  in  phase, 
we  can  determine  this  difference  in  phase.  And  the  same  thing 
may  be  done  by  sending  the  currents  round  different  wires  on  a 
solenoid  placed  so  as  to  cause  a  magnetic  tongue  to  vibrate. 

In  fEu^t,  we  have  ourselves  hardly  yet  realised  all  the  uses  to 
which  this  "  electric  frequency  meter"  can  be  put. 

The  Chaikman  :  After  the  expression  of  your  feelings  which  Jjj^^^^ 
yovL  have  just  shown,  I  need  hardly  ask  you  to  accord  a  hearty 
vote  of  thanks  to  Professors  Ayrton  and  Perry  for  having  given 
ns  these  interesting  notes  at  such  a  short  notice.  I  would  now 
call  upon  any  members  for  their  remarks,  and  would  especially 
point  out  to  the  students  who  have  attended  Professor  Ayrton's 
lectures  at  various  times  that  it  is  now  the  time  to  turn  round 
en  him. 

Professor  W.  E.  Ayrton  :  Perhaps  the  invitation  might 
equally  apply  to  those  who  were  students  as  well  as  to 
those  who  are. 

The  Chaibman:  The  subject  of  self-induction  is  such  an 
important  one  at  the  present  time  that  it  would  be  very  desirable 
tx>  hear  the  opinions  of  many  who  are  present. 

Mr.  W.  P.  Gbanville:     Although    not    a    student    under  Mf. 

Professor  Ayrton  in  the  ordinary  sense,  I  have  certainly  been 

one  to-night,  and  for  the  information    gained    I   very  much 

thank  him.    There  is  one  point  I  wish  to  say  a  word  upon,  and 

.  that  is  in  reference  to  the  fact  pointed  out  by^Prof^ssor  Agrton, 
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Mr.    ,        that  the  self-induction  of  a  coil  of  wire  is  not  increased  by  the 

Granville.  ^ 

inseirtibn  of  an  iron  core  if  the  altemaJtions  of  current  are 
eocceedmgly  rapid,  and  that  if  the  alternations  are  farther 
increased  the  self-induction  is  even  diminished.  You  will 
probably  remember  that  Mr.  Willoughby  Smith,  some  five  or 
six  years  ago,  gave  an  experimentally  illustrated  paper  on 
induction.  With  those  experiments  I  was  to  a  certain  extent 
connected  as  his  assistant,  and  on  that  occasion  a  commutator 
was  used  very  much  of  the  same  form  as  that  adopted  by 
Professor  Ayrton  in  his  secohmmeter,  viz.,  a  double  commutator 
mounted  on  one  spindle,  one  part  of  the  commutator  reversing 
the  battery,  and  the  other  part  simultaneously  reversing  the 
galvanometer,  so  as  to  produce  a  steady  deflection.  In  one 
experiment  shown  by  Mr.  Willoughby  Smith,  two  flat  spirals  were 
placed  about  a  foot  apart,  and  by  means  of  the  double  coin- 
mutator  an  alternating  current  from  a  battery  was  sent  into  one 
of  the  spirals,  and  the  other  spiral  was  connected  through  the 
commutator  to  a  galvanometer,  so  that  the  induction  received  by 
the  second  spiral  was  indicated  by  a  steady  deflection.  It  was 
then  found  that  by  interposing  plates  of  different  non-magnetic 
metals  certain  proportions  of  the  current  were  cut  off,  but  that 
when  an  iron  plate  was  interposed,  the  proportion  intercepted  did 
not  increase  with  the  speed,  as  was  the  case  with  other  metals, 
but  remained  almost  constant,  and  even  slightly  diminished, 
when  the  rate  of  alternation  was  very  rapid ;  and  I  think  this  is 
the  same  result  that  Professor  Ayrton  has  so  ably  explained  to  us 
to-night. 
Professor  Professor  W.  E.  Ayrton  :  I  am  very  much  interested  to  hear 

the  remarks  made  by  Mr.  Granville.  I  can  only  say  that,  not- 
withstimding  I  heard  Mr.  Willoughby  Smith's  paper,  I  was  totally 
unaware  of  such  a  method  having  been  employed ;  and  I  am  quite 
sure  also  that .  Messieurs  Ledeboer  and  Manceuvrier,  who  were 
engaged  at  the  same  time  as  Professor  Perry  and  myself  in 
developing  easy  methods  for  the  absolute  measurement  of  the 
coefficients  of  self-induction  two  years  ago,  were  equally  unaware 
that  Mr.  Willoughby  Smith  had  employed  a  somewhat  similar 
commutating  device.    Although  it  is  not  of  very  much^  conse- 
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quince,  I  may  say  that  we  do  not  reverse  the  galvanometer  at  the  aJJJ!^'^ 
moment  that  we  reverse  the  battery ;  that  would  not  answer  our 
purpose.  The  galvanometer  is,  in  this  particular  apparatus,  reversed 

midway  between  the  reversal  of  the  battery,  because  we  want 1 

need  not  go  into  that  now ;  but  if  you  observe  these  commuta- 
tors afterwards,  you  will  see  that  there  is  .that  marked  difference. 
I  do  not  mean  to  say  that  that  would  make  any  radical  distinc- 
tion between  the  pieces  of  apparatus.  That  was  mentioned,  I 
suppose,  in  the  paper  ? 

Mr.  W.  P.  Granville:.  Yes;  and  also  in  the  pamphlet  called 
"  Induction." 

Professor  W.  E.  Ayrton  :  I  am  very  glad  to-  hear  it  now,  and 
I  am  astonished,  at  my  own  ignorance. 

Mr.  W.  P.  Granville:  There  is  a  sketch  in  the  pamphlet. 

Professor  W.  E,  Ayrton:  That  makes  it  more  disgraceful 
still.  I  presume,  however,  that  Mr.  Willoughby  Smith  did  not 
use  his  arrangement  for  the  absolute  measurement  of  the  coeffi- 
cients of  self  and  mutual  induction,  which  is  the  essence  of  our 
device. 

Mr.  W.  B.  EssoN :  May  I  ask  Professor  Ayrton  whether  the  Mr.  Esson. 
curve  he  gives  of  the  Ferranti  DM^chine  represents  the  electro- 
motive force  induced,  or  merely  the  flux  of  lines  through  the 
armature  for  different  positions  of  its  coils  ? 

Professor  W.  E.  Ayrton  :  You  are  speaking  of  this  curve :  Profeawr 

^  °  ^  Ayrton. 

tiiis  is  the  actual  electro-motive  force  of  the  machine ;  thdt  is  the 
self-induction. 

Mr.  W.  B.  EssoN :  Did  I  understand  Professor  Ayrton  to  say  Mr.  Esaon. 
that  in  the  Ferranti  machine  he  found  a  wave  having  double 
the  frequency  superposed  on  the  principal  wave  ? 

Professor  W.  E.  Ayrton  :  No ;  four  or  five  times.    Not  double  ^^^' 
or  treble,  but  at  four  or  five  times  the  frequency. 

Mr.  W.  B.  EssoN :  I  suppose  the  effect  in  a  Ferranti  machine  ^r.  Keson. 
which  has  no  iron  in  its  armature  is  not  sufficiently  marked,  but 
there  is  a  wave,  due  to  the  weakening  of  the  field  by  the  armature 
eorrent,  which  has  twice  the  frequency  of  the  principal  wave.^. 

The  Chairman  :  Gentlemen,  you  have  already  accorded  your 
vote  of  thanks  to  Professors  Ayrton  and  Perry,  so  I  will  just  say 
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that  Mr.  Preece  was  so  overcome  by  the  sudden  and  sad  news  to 
which  I  had  to  allude  at  the  beginning  of  our  proceedings,  that 
he  felt  he  could  not  attend  this  meeting ;  I  will  therefore  call 
upon  the  Secretary  to  read  his  communication,  which  is  a  very 
short  one. 

The  Seobetaby  then  read  the  following  paper  :— 


ON  THE  DISTURBANCES  AEISINft  FBOM  THE  USE  OF 
"EARTH"  FOR  ELECTRIC  LIGHTING  PURPOSES. 

By  W.  H.  Peeece,  F.R.S.,  Past-President. 

The  magnetic  field  produced  by  a  current  flowing  in  a 
straight  wire,  and  returning  through  the  earth,  extends  to  such 
distances  that  it  is  quite  impossible  to  say  where  or  when  or 
how  a  telephone  circuit  in  that  field  would  be  disturbed  by 
any  changes  in  that  current.  It  is  quite  certain  that  if  a 
single  conductor  between  Deptford  and  London  were  subject 
to  rapid  alternations  under  a  potential  difference  of  10,000  volts — 
the  current  returning  by  way  of  the  earth — every  telephone 
circuit  in  the  metropolis  would  be  disturbed,  and  probably 
rendered  unworkable.  The  law  determining  the  distance  to 
which  this  influence  extends  was  given  by  me  in  a  paper  read 
before  the  British  Association  at  Manchester  in  1887.  It  is 
given  in  the  following  equation : — 

*  dr  T^ 
Ci  being  the  primary  currents,  C,  the  secondary  currents, 
I  the  length  of  the  primary,  d  the  distance  between  the  wires, 
r^  the  resistance  of  the  secondary,  M  a  constant  dependent  on 
the  firequency  of  the  primary  currents  and  the  rate  at  which  they 
rise  and  fall. 

It  follows  from  this  formula  that  currents  of  rapid  frequency 
on  a  conductor  10  miles  in  length,  carrying  100  amperes,  might 
be  evident  at  a  distance  of  19  miles.  It  becomes,  therefore, 
important  to  decide  to  what  extent  disturbing  influences  can  be 
eliminated.    It  is  well  known  that  if  either  the  disturbing  circuit  or 
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that  disturbed  be  constructed  of  two  wires  carrying  equal  currents, 
so  close  to  each  other  and  so  erected  that  the  mean  average  dis- 
tance between  the  disturber  and  the  disturbed  is  the  same,  no 
inductive  effects  are  evident,  for  the  influence  on  one  wire  is 
entirely  neutralised  by  the  equal  and  opposite  effect  on  the  other. 
But  if  this  mean  average  distance  is  not  equal,  or  if  the  equality  of 
the  two  currents  be  departed  from,  then  a  disturbance  will  arise 
which  will  depend  on  the  difference  between  the  two  currents 
and  their  relative  distances.  Hence  the  most  perfectly  silent 
telephone  circuit  becomes  noisy  when  leaks  occur  in  the  insula- 
tion, and  hence  it  is  that  the  earth  plays  such  an  important 
part  in  the  efficiency  of  the  system. 

It  was  reported  in  the  technical  papers  that  the  London 
Electric  Supply  Corporation  contemplated  laying  a  concentric 
conductor  between  Deptford  and  London,  with  the  external 
copper  conductor  in  contact  with  the  earth.  As  it  seemed  to  the 
Poet  Office  authorities  very  doubtful  whether  such  an  arrange- 
ment would  not  create  disturbance,  on  the  telegraph  and 
telephone  circuits,  experiments  were  made  to  test  the  point. 
The  experiments  were  made  by  me  in  an  open  space  of 
two  or  three  acres  in  extent.  A  concentric  cable  was  con- 
structed so  that  the  outside  and  enveloping  conductor  could 
be  insulated  or  not.  The  inner  conductor  was  composed  of  a 
strand  of  nineteen  No.  15  B.W.Q-.  (72  mils.)  copper  wires.  The 
outer  conductor  completely  surrounded  the  inner,  and  consisted 
of  twenty-four  No.  16  B.W.G.  (65  mils.)  copper  wires.  Each 
conductor  weighed  about  1,600  lbs.  per  mile,  and  gave  a  resist- 
ance of  -56  ohm.  The  outside  sheath  was  of  lead.  The  following 
is  a  full-size  section  of  the  cable : — 


-L 
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The  following  diagram  will  explain  the  arrangement  of  the 
wires: — 


^ SSYards- 


Two  earth-plates  were  buried  at'  the  points  A  and  B,  and 
between  them  a  No.  7  gutta-percha  wire  was  laid  along  the 
ground,  telephones  being  inserted  at  each  end.  The  electric  light 
cable  was  laid  between  the  same  points  by  a  circuitous  route,  as 
shown.  At  the  points  C  and  D  two  earth-rods  were  driven  in, 
and  another  No.  7  gutta-percha  wire  was  laid  outside  the  area 
enclosed  by,  and  about  a  foot  from,  the  cable. 

Beyond  each  of  the  gutta-percha  wires,  extension  <^fel%ere 
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carried  to  enable  metallic  loops  to  be  made  up,  forming  approxi- 
mate'squares  (1  and  2  on  diagram). 

^^  ^       A  Wheatdtohe  transmitter  placed  at  B  was  connected  to 

^•i     the  inner  conductor  (I)  of  the  cable,  the  lead  sheath  (L)  being 

a     used  as  the  return  wire,   Beversals  at  top  speed  (a  frequency 

1,  <^  of  80  per  second)  were  sent  through  the  cable  from  an  E.M.F. 

of  20  volts,  the  current  strength  being  about  1*3  amperes. 

Loud  disturbance  was  heard  in  the  telephones  at  A  and  B 

(^  when  the  transmitter  was  running. 

Earth-bars  were  driven  iu  at  the  points  F  and  Gr,  and 
connected  by  a  wire  and  telephone.    Currents  were  picked 


2. 


^  up  by  the  telephone  through  this  section,  their  eflfect  being 


^1 


7. 


8.< 


apparently  quite  as  loud  as  between  A  and  B. 

f       The  points  H  and  I  were  similarly  connected,  and  with  a 

\  like  result. 

r        The  points  C  and  D  were  next  connected  by  the  wire 

J  attached  to  the  earth-bars,  a  telephone  being  inserted  at  D* 
Disturbances  almost  as  loud  as  on  the  circuit  A  B  were 
heard. 

The  wire  G  D  was  disconnected  from  the  earth-bars,  and 
a  metallic  circuit  forming  an  approximate  square  was  made 

^  up  (1  on  diagram).    The  interference  was  still  heard,  but  was 

[.  only  about  half  as  loud  as  when  the  earth  was  used  at  G  D. 
The  insulated  outer  conductor  (0)  was  substituted  in 
place  of  the  lead  sheath  as  the  return  wire,  and  the  disturb- 
ances in  the  loop  G  D  ceased  entirely. 

The  outer  conductor  (0)  and  the  lead  sheath  (L)  were 
coupled  together,  forming  jointly  a  return  wire  in  contact 
with  the  earth.  The  disturbance  in  the  metallic  square  1 
reappeared,  but  was  reduced  in  loudness  to  about  half  that 
in  the  fourth  experiment. 

The  cable  was  next'  laid  out  straight  from  A  to  B,  the 
telephone  wire  being  parallel  to  it.  When  the  lead  sheath 
was  used  as  the  return  wire,  loud  disturbance  was  heard  in 
the  telephones  at  A  and  B.  When  the  lead  sheath  and 
outer  conductor  were  jointly  used  as  the  return  wire, 
the  noise  in  the  telephones  was  greatly  reduced  (to  about 

^  one-fourth). 
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9, 


r  To  prove  that  the  result  obtained  in  the  last  experi- 
j  ment  was  due  to  earth  conduction,  a  metallic  square  (2  in 
]  diagram)  was  formed,  and  the  disturbance  in  the  telephones 
L  disappeared. 

It  follows  from  these  experiments  that  the  disturbance  of  the 
potential  of  the  earth  at  A  and  B,  and  the  establishment  between 
these  two  points  of  a  potential  difference,  cause  currents  to  flow 
through  the  earth  between  A  and  B  which  destroy  the  equality 
between  those  in  the  inner  and  outer  conductor  of  the  concentric 
cable  upon  which  equilibrium  depends.  It  is  therefore  quite 
clear  that  the  use  of  the  external  sheathing  as  part  of  the  con- 
ductor in  contact  with  the  earth  is  quite  out  of  the  question ; 
whereas  if  the  enveloping  conductor  be  insulated  it  is  quite 
innocent  of  disturbance,  and  would  not  interfere  with  neighbouring 
telephones. 

The  question  has  arisen  as  to  whether  the  currents  experi- 
mented with  (viz.,  those  produced  by  a  Wheatstone  transmitter) 
are  of  the  same  character  as  those  produced  by  an  alternating- 
current  machine.  The  frequency  in  the  two  cases  may  be  alike. 
Taking  the  frequency  at  100,  it  will  follow  that  each  current, 
whether  it  be  of  the  Wheatstone  transmitter  or  of  the  alternating- 
current  machine,  will  rise  from  zero  to  maximum  and  fall  fix)m 
maximum  to  zero  in  *0025  second.  The  strength  of  current 
generally  used  in  the  Wheatstone  transmitter  is  50  milli-amperes, 
while  that  of  an  alternating-current  machine  may  amount  to  100 
amperes ;  and  since  most  of  the  Wheatstone  circuits  in  this  country 
are  long  circuits,  upon  which  the  resistance  and  the  capacity  are 
considerable,  it  is  quite  evident  that  in  actual  practice  the  rate  at 
which  the  current  rises  and  £sl11s  is  greater  in  the  case  of  alternating- 
current  machines  than  in  the  case  of  the  Wheatstone  transmitter. 
The  &ct  that  it  is  so  is  sufficiently  proved  in  actual  practice. 
Before  the  Grrosvenor  Grallery  Company  established  their  present 
metallic  loop  system,  all  the  telephones  around  and  about  Bond 
Street  were  disturbed.  In  order,  however,  to  settle  the  matter,  I 
have  carefully  experimented  with  the  currents  produced  by  the 
alternate-current  machines  at  West  Brompton  and  at  Eastbourne, 
and  I  find  that  it  is  quite  impossible  to  detect  any  difference 
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between  the  effects  of  Wheatstone  transmitters  and  altemating- 
cuirent  dynamos* 

These  experiments,  taken  alone,  are  sufficiently  definite  to 
render  it  decisive  that  the  use  of  the  earth  in  such  instances 
cannot  be  allowed ;  but  it  may  happen  that  in  other  systems  of 
distribution  where  the  currents  are  continuous  and  steady,  such 
as  the  systems  by  which  it  is  proposed  to  distribute  by  means 
of  batteries,  the  earth  under  exceptional  circumstances  may  be 
permitted* 

Mr.  W.  M.  MoRDEY :  Mr.  Preece  refers  to  the  current  as  lu.  Mordey 
being  at  a  tension  of  10,000  volts.  I  would  ask  whether  there  is 
any  direct  or  necessary  connection  between  the  tension  and  the 
leakage  in  this  case.  The  only  leakage  is  from  one  part  of  the 
outer  conductor  to  another  part  of  it  through  the  earth,  and  the 
greatest  possible  tension,  therefore,  applied  to  the  earth  must  be 
that  due  to  the  loss  of  pressure— the  fall  of  potential  in  the  outer 
lead.  This  may  be  only  a  few  volts,  although  the  actual  pressure 
used  in  the  station  may  be  10,000  volts.  I  am  not  concerned  as 
an  apologist  for  the  Deptford  scheme,  but  I  do  not  quite  see  how 
Mr.  Preece  connects  the  very  high  tension  which  is  proposed  to 
be  used  there,  with  earth  leakage.  With  the  same  loss  of 
pressure  in  volts  the  leakage  would  be  the  same,  even  if  the 
terminal  potential  difference  were  only  a  fraction  of  that  stated. 

Professor  W.  E.  Ayrton  :  I  do  not  suppose — at  least,  I  hope  Professor 
— that  Mr.  Preece  does  not  intend  by  earth  leakage  to  mean  what 
is  usually  understood  by  earth  leakage.  The  fact,  of  course,  is,  as 
indeed  I  happened  to  point  out— I  think  it  was  in  1878 — ^that  if 
you  have  a  varying  current  in  a  wire,  and  you  use  an  tminsulated 
tube  as  the  return,  the  uninsulated  tube  does  not  shield  outside 
space  from  inductive  action;  because  it  is  only  when  the  tube 
surrounding  the  wire  takes  back  the  whole  of  the  current  that 
goes  by  the  interior  core,  that  the  outside  space  is  entirely 
shielded  from  magnetic  action.  The  actions  that  Mr.  Preece  gets 
are  probably  not  due  to  earth  leakage  in  the  ordinary  sense  of 
the  word  at  all,  but  they  are  due  to  the  fact  that  when  the  return 
is  made  by  the  t&ninsulated  lead  covering  of  his  cable  the  whole 
earth  is  part,  or,  at  any  rate,  the  earth  in  the  neighbourhood  is 
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Professor  part,  of  the  return  wire ;  hence  a  porticm  of  the  return  electric 
light  current  comes  outside  the  telephone  circuity  and  you  have  a 
fluctuating  number  of  lines  of  force  passing  through  the  telephone 
circuit,  due  to  the  alternating  current.  If,  however,  you  are 
dealing  with  a  direct  current  where  there  are  no  fluctuations 
at  all,  then  I  doubt  very  much  if  there  will  be  any  difference 
or  any  disturbing  effect  worth  speaking  of  on  the  telephone 
circuit,  whether  the  outside  covering  be  put  to  earth  or  not. 
Therefore  I  think  that  the  sort  of  permissive  sentence  that  occurs 
at  the  end  of  Mr.  Preece's  paper  (I  am  sorry  that  he  is  not  here 
to  answer  for  himself)  is  somewhat  misleading.  He  says:  ^^  But 
'^  it  may  happen  that  in  other  systems  of  distribution  where  the 
^'  currents  are  continuous  and  steady,  such  as  the  systems  by 
"  which  it  is  proposed  to  distribute  by  means  of  batteries,  the 
^<  earth,  under  exceptional  circumstances,  may  be  permitted." 
I  should  say  that  the  earth  might  under  any  drcumstanees  be 
permitted  if  the  current  in  the  circuit  were  quite  steady;  because 
as  the  disturbance  in  the  telephone  lines  is  due  to  electro- 
magnetic induction,  and  as  electro-magnetic  induction  cannot  be 
produced  with  a  perfectly  steady  current,  it  is  of  little  con- 
sequence whether  the  electric  light  return  be  earthed  or  not* 

I  was  under  the  impression  that  that  was  made  quite  clear 
eleven  years  ago,  when  this  very  same  subject  was  under 
discussion.  The  question  arose,  I  think,  at  the  time  the 
Jablochkoff  Company  lighted  the  Thames  Embankment,  when 
it  was  pointed  out — ^if  I  mistake  not,  by  Mr.  Preece — ^that  although 
the  return  conductor  of  their  alternating-current  system  sor- 
roxmded  the  going  conductor,  there  was  inductive  effect  on 
neighbouring  telegraph  wires  buried  in  the  ground  near ;  and  I 
then  pointed  out  that  this  disturbance  arose  from  the  tube  which 
brought  back  the  current  not  being  insulated,  for,  in  order  to  get 
perfect  screening  from  induction,  it  was  necessary  that  the  return 
tube  should  be  entirely  insulated. 

Mr.  Mr.  R.  E.  Crompton:    In    reference  to  Professor  Ayrton's 

Crompton. 

remark    that   currents  which  are  represented  to  be  perfectly 


steady  have  no  effect  on  telephones 

Professor  Atrton:    I  said  currents   that' ^eife^filOflj^  not 
unsteady. 
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Mr.  R.  E.  Crompton  :  I  mean  currents  as  steady  as  are  pro-  JJr.    ^ 

•^  *         Crompton. 

duced  by  the  ordinary  direct-current  machines,  driven  by  any 
form  of  steam  engine  or  other  motor  that  I  am  acquainted  with. 
I  have  noticed  that  such  currents  always  do  produce  slight  sounds 
in  the  telephone.  This  I  attribute  to  the  irregularities  or  pulsa- 
tions in  the  speed  of  the  motor  that  drives  the  dynamo 
machine.  In  one  case  a  telephone  wire  was  laid  in  the  same 
trench  with  electric  light  cables.  These  were  well  insulated  and 
lead-covered.  The  telephone  wire  was  spaced  a  few  inches 
distant  from  them.  The  return  of  the  telephone  was  by  earth. 
In  this  case  it  was  found  impossible,  even  when  several  sets  of 
dynamo  machines  were  working  in  parallel,  to  avoid  considerable 
disturbance  in  the  telephone  circuit.  In  fact,  in  this  case  the 
telephone  acted  as  a  very  delicate  and  useful  detector.  When  a 
single  dynamo  was  at  work  the  revolutions  of  the  engine  could  be 
distinctly  counted.  Further  than  this,  we  noticed  that  a 
telephone  wire  thus  laid  becomes  a  most  valuable  detector  of 
leakage  between  the  armature  winding  and  earth,  for  such 
leakage,  being  of  an  intermittent  nature,  is  noticed  at  once 
by  the  alternations  corresponding  with  the  number  of  revolu- 
tions. In  one  case  cm  accidental  short-circuit  in  the  armature 
produced  a  slight  alternating  current,  which  was  suflScient  to  ring 
the  telephone  bells.  It  is  easy  to  see  that  this  application  of  the 
telephone  may  be  of  great  use  in  central  station  work. 

With  regard  to  the  inductive  disturbances  from  the  outside 
conductor  referred  to  in  Mr.  Preece's  paper,  I  think  that  the 
area  within  which  those  disturbances  would  be  felt  must  be 
comparatively  small  in  the  case  of  a  straight  line  of  conductors, 
and  would,  in  fact,  only  be  that  which  bounds  the  portion  of 
earth  carrying  an  appreciable  quantity  of  the  current.  Outside 
this  portion  of  earth  there  would  be  no  magnetic  disturbance,  as 
it  would  be  balanced  by  the  presence  of  the  opposite  exciting 
current  in  the  inner  conductor. 

On  the  other  hand,  if  the  line  were  laid  in  a  curved  direction, 
the  whole  space  included  within  it  would  be  out  of  balance,  con- 
sidered magnetically,  and  inductive  disturbances  would  take  place 
therein.  ^  o 
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Mr.Eeson.  Mr.  W.  B.  EssoN :   May  I  ask  Mr.  Crompton  whether  the 

machines  he  spoke  of  were  Brush  machines  ? 
Mr.  Mr.  B.  E.  Chomfton  :  No ;  they  were  machines  of  our  own 

Crompton.  " 

manufacture^  and  were  perfect  machines. 

Mr.  E88on.  Mr.  W.  B.  EssoN :  I  mention  this  because  it  does  not  follow 

that  a  current  flowing  always  in  one  direction  is  a  contvnuoui 
current— it  may  flow  in  the  same  direction  while  very  diecoTV- 
tinuous.  I  should  think  Brush  machines  would  always  produce 
a  very  considerable  effect  on  adjacent  telephone  circuits. 

crom  ton  ^'  ^'  ^'  Crompton  :  We  have  not  yet  got  a  steam  engine 

that  drives  at  a  continuous  speed,  and  consequently  the  continuous 
current  sent  is  not  continuous  in  any  machine  that  I  am 
acquainted  with. 

\~  toT*'  Professor  W.  E.  Ayrton  :  I  may  just  remark  that  the  last 

point  in  Mr.  Preece's  paper  had  reference  to  batteries,  and  not 
to  machines  at  all;  ^^distribution  by  means  of  batteries,"  is  the 
last  sentence  in  the  paper.  I  am  perfectly  prepared  to  admit 
that  there  are  certain  machines  which  are  very  discontinuous ; 
and,  indeed,  it  may  possibly  be  in  the  memory  of  some  people 
that  Professor  Perry  and  I  proposed,  several  years  ago,  a  dis- 
continuity meter,  as  I  think  it  was  called.  The  apparatus  was 
simply  an  induction  coil  through  one  circuit  of  which  the  so- 
called  continuous  current  was  sent ;  in  the  secondary  circuit  of 
this  induction  coil  was  placed  a  telephone,  or  a  dynamometer, 
or  other  suitable  instrument  for  measuring  the  alternate  current 
induced  in  consequence  of  want  of  perfect  constancy  of  the  primary 
current.  Experiments  were  made,  I  thick  in  1879,  and  we  showed 
that  with  the  Brush  machine  there  was  a  most  loud  sound ;  in 
fact,  the  Brush  machine,  sending  a  so*called  steady  current 
through  the  primary  coil  of  the  induction  coil,  gave  a  steady 
deflection  with  a  Siemens  dynamometer  attached  to  the 
secondary.  Of  course  such  an  induced  current  could  only  have 
been  obtained  if  there  were  considerable  variation  of  the  current 
in  the  primary  coil.  Sound  could  also  be  heard  with  the  Edison 
machine,  but  no  decided  deflection  was  obtained  with  it,  as  fiir 
as   I   remember,  with  the  dynamometer  of  our  discontinuity 

meter.    But  the  point  I  was  speaking  about  was  the  distribution 
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by  means  of   batteries.    If   the  distribution  is  by  means   of  Profeesor 
batteries,  which  are  not  machines  of  this  discontinuous  nature, 
then  I  doubt  whether  you  might  not  put  the  return  to  earth 
without  disturbing  telephone  circuits. 

The  Ceeairman  :   I  will  now  ask  you  to  accord  to  Mr.  Preece  a  Mr. 

Siemens. 

hearty  vote  of  thanks  for  bringing  this  interesting  subject 
forward;  and  I  can  only  hope  on  my  own  part  that  we  shall 
have  an  early  opportunity  of  discussing  the  subject  again,  on  an 
evening  when  he  can  be  present,  and  when  a  little  more  time  is 
at  the  disposal  of  the  meeting  than  has  been  available  to-night. 

The  motion  was  unanimously  carried.         ^ 

A  ballot  took  place,  at  which  the  following  candidates  were 
elected : — 

Memhera : 

E.  A.  Kenyon.  |  Edward  Manville. 

Associates: 


Bichard  Charles  Bennett. 
Frank  Broadbent. 
J.  W.  Howard. 


Gr.  Mahon. 
Allan  Plucknett. 
Lionel  Hugh  Kenmore 
Stotherd. 


Students  : 
Archibald  John  French.        |  Archer  Turner. 

The  meeting  then  adjourned. 
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7f  Wkstminstxb  Ghaxbebs,  Yictobia  Stkbst^  S.W., 
London,  llt^  April,  1889. 

Dear  Sm, — ^Beferring  to  the  discussion  on  Professor  Jamieson's 
paper  on  "Insulation  Besistance,"  &c.,  and  in  accordance  with 
the  suggestion  of  Mr.  Preece  that  the  result  of  actual  tests  should 
be  forwarded  to  you,  I  now  hand  you  a  diagram  of  tests  taken  at 
Hastings.  The  circumstances  under  which  the  results  were 
obtained  of  course  vary  very  considerably,  but  in  the  majority  of 
cases  it  may  be  taken  that  all  exposed  portions  of  the  circuit 
would  have  a  coating  of  salt,  which  rendered  the  insulation 
peculiarly  liable  to  be  affected  by  slight  moisture  in  the  atmos* 
phere.  The  dififerently  drawn  lines  show  separate  circuits,  and 
it  may  be  taken  that  each  circuit  had  approximately  the  same 
liability  to  leakage,  as  on  each  there  were  arc  lamps  and  incan- 
descents.  Most  arc  lamps  were  outside,  exposed  to  the  weather; 
the  incandescents  being  almost  wholly  within  doors.  The  cables 
were  7/16  copper  strand,  covered  with  a  double  coating  of  gutta- 
percha, and  braided.  The  total  length  of  circuits  at  thisjtime 
was,  roughly,  8,900  yards,  all  laid  underground  in  4-in,  cast-iron 
pipes.  Test  boxes  every  100  yards.  Pipes  laid  in  roadway  about 
15  in.  from  surface.  An  attempt  was  made  to  keep  all  water  out, 
but  it  was  afterwards  found  that  the  liability  to  leakage  was  not 
thereby  appreciably  reduced.  Tests  were  taken  twice  a  day  with 
a  Wheatstone  bridge  and  mirror  galvanometer,  the  battery 'giving 
an  E.M.F.  of  about  90  volts.  The  great  source  of  breakdowns 
was  not,  as  might  have  been  supposed,  the  joints,  but  where  the 
cable  had  received  slight  injury  in  pulling  into  the  tubes.  As 
skilled  labour  was  at  that  time  and  place  not  obtainable,  this  is 
hardly  to  be  wondered  at.  It  was  found  that  some  few  of  the 
joints  did  go,  but  this  arose  from  want  of  cai'e  principally.     I  do 


,^««7r«u  Battery  e.m.f.  90  v 
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not  remember,  after  the  first  few  months'  working,  any  joint 

proving  bad,  except  those  made  at  the  start.    The  E.M.F.  used 

was  about  2,000  volts* 

Yours  faithfully, 

F.  B.  NICHOLSON,  Associate. 
The  Becretary, 

InBtitntion  of  Electrical  Engineers. 


7,  WWTMINSTRR  ChAMBEKS,  VICTORIA  BlllBBr,  B.W., 

London,  2Qth  April,  1889. 

Dear  Sib, — ^In  further  reference  to  my  letter  on  the  subject 

of  insulation  tests  at  Hastings,  I  beg  to  hand  you  a  few  figures 

relating  to  cost  of  same,  for  use  as  you  think  fit. 

Yours  faithfully, 

F.  B.  NICHOLSON. 
Secretary, 

Institution  of  Electrical  Engineers. 


^"OTES   ON  THE  COST  OF   LAYING   PIPES   FOE   UNDER- 
QEOUND  MAINS. 

Hastings,  1883  and  1884. 

Pipes.— 4:  in.  internal  diameter,  and  i  in.  thick ;  length,  9  ft. 
weight  of  each  pipe,  156  lbs.    Joints  made  with  a  clip  thus. 


in  two  halves.  In  lower  half  of  clip  a  boss  cast  and  screwed,^with 
a  thin-  casting  of  iron  filling  up ;  in  order  to  take  oflF  a  branch  to  a 
house,  all  that  is  necessary  is  to  break  in  this  with  a  chisel  and 
screw  in  If-in.  gas  barrel.  Each  clip  weighing  40  lbs.,  and 
giving  an  additional  7  in.  to  pipe,  so  that  length  between  centres 
of  joints  =  9  ft.  7  in.  Test  boxes  put  in  about  100  yards  apart, 
nearer  on  curves.    All  pipes  laid  straight.  n  ,  m7ph  h.  Google 

Tfire8.~7/16  cables,  covered  with  gutta-percha  in  two  layers 
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and  heavily  braided.     Pulled  in  pipes  by  wires  laid  in  for  the 
purpose ;  wire  on  drum,  and  guided  by  rollers. 

Costs — 


Pipes,  clips,  and  bolts 

Wages  

Tool  sharps,  &c. 
Putty  and  red  lead  ... 
Carriage  and  cartage 
Road  repairs... 
Test  boxes 


Per 

yard 

8. 

d. 

4 

H 

0 

Hi 

0 

u 

0 

1 

0 

H 

0 

H 

0 

3i 

5  lOi 


Total  length  laid,  9,400  feet. 

Metal  used. 
Pipes 1,025 

Clips  ... 1,025 

Bolts  ...         •••         ...         •„         •••         6,150 

Wire  Laying. — ^Total  length,  8,870  yards. 

d. 

Labour per  yard        *ZS 

Odd  material     ...         •••  „  -06 

•44 

Pipes  laid  in  trench  1  ft.  6  in.  deep  by  1  ft.  3  in.  wide. 
Conditions  of  ground  very  varying.  About  one-half  total  length 
ordinary  macadamised  road,  one-quarter  macadam  made  up  of 
three  layers  where  road  had  been  raised,  remaining  quarter  in 
soft  gravelly  bed  of  Parade.  All  work  carried  out  by  men  quite 
tmskilled  in  cable  work,  and  trouble  was  experienced  at  the  start 
from  bad  joints,  but  after  experience  remedied  this  fault. 

Arc  Lights, — ^A  contract  was  entered  into  with  the  Corporation 
for  the  erection  and  lighting  of  15  arc  lamps  on  the  Parade,  and 
the  following  figures  refer  to  it.  Some  posts  were  put  in  the 
ground  in  the  ordinary  manner,  and  little  trouble  was  experienced ; 
but  some  three  or  four  had  to  be  placed  in  an  excavation  in 
concrete,  which  materially  increased  the  cost  of  labour. 
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Posts  about  20  ft.  high,  cast  iron. 
LarUems  specially  made  in  copper. 
Lamps,  Brush,  16-hour,  round  type. 


£ 

s. 

d. 

Lamps 

!•• 

each 

12 

5 

0 

Lanterns  ... 

..  • 

5 

10 

0 

Posts 

... 

4 

17 

5 

Switches  ... 

•  •• 

0 

13 

6 

Wages 

... 

2 

0 

5 

Tool  repairs 

... 

0 

0 

n 

Materials  (odd) 

... 

0 

6 

11 

Eepairing  roads 

•  •• 

0 

1 

5 

Gas  barrel  from 

mains 

0 

3 

64 

Carriage   ... 

•  •  • 

0 

2 

0 

Cable 

... 
l,per 

lamp 

0 

13 

6 

Tota 

£26 

14 

Ji 

F.  B.  NICHOLSON. 


COST  OF  RUNNING  ARC  LAMPS. 
Taken  from  Actual  Working. 

Case  I. — One  hundred  arc  lamps,  each  of  2,000  nominal 
candle-power,  viz.,  50  volts  and  10  amperes.  All  in  series. 
Total  cost,  including  rent,  taxes,  wages,  allowance  for  depreci- 
ation, and  interest  on  capital,  power,  &c.,  between  ^d.  and  ^. 
per  lamp  per  hour.     Lighting  for  about  3,000  hours  per  annum. 

Case  2. — ^Three  2,000-candle-power  arcs.  Time,  or  running, 
383  hours  per  annum.  Cost,  between  lOd.  and  lid.  per  hour  for 
the  three  arcs,  illuminating  an  area  of  4,674  square  feet,  and 
repUdng  300  gas  jets  (4  feet),  and  costing  2s.  7d.  per  hour.  Gas 
28.  2d.  per  1,000.  Cost  includes  power,  and  interest  on  £250,  cost 
of  installing ;  wages  not  enough  to  be  reckoned ;  coal,  5s.  6d.  per 
ton;  carbons  (11  mm.,  12  in.  long),  2d.  each.  ^  , 

F.  B.  NICHOLSON. 
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K.  NAGAOXA— COMBINED  EFFECTS  OF  TOBSION  AND 
LONGITUDINAL  STEESS  ON  THE  MAGNETISATION  OP  NICKEL. 

(PWl.  Mag.,  Vol.  27,  February,  1889,  jp.  117.) 
The  nickel  wire  to  be  experimented  upon,  which  was  1  mm.  in  diameter 
and  40  cm.  long,  had  two  pieces  of  brass  wire  securely  attached  to  its  ends ; 
the  upper  piece  "^as  firmly  fixed  to  a  support,  the  lower  piece  carried  & 
scale-pan  which  could  be  loaded  to  any  <le*ii^  extent.  The  lower  brass 
wire  passed  through  a  hole  in  the  centre'  df  a  brass  bar,  the  ends  of  which 
could  slide  in  two  vertical  Y  grooves,  cut  diametrically  opposite  each  other 
on  the  inside  of  a  brass  cylinder.  This  cylinder,  which  was  divided  on  its 
outer  surface  into  a  circle  of  degrees,  fitted  on  to  a  lower  cylinder,  so  as  to 
admit  of  its  being  rotated ;  a  set  screw  in  the  diametral  brass  bar  clamped 
the  lower  piece  of  brass  attached  to  the  nickel  wire.  Any  degree  of  torsion 
could  therefore  be  given  to  the  nickel  wire  which  passed  vertically  through 
the  centre  of  a  magnetising  solenoid,  while  the  Y  grooves  allowed  of  its 
being  stretched  by  the  weights  in  the  scale-pan. 

The  conditions  of  the  experiment  were  continually  varied  by  altering 
both  the  longitudinal  stress  and  the  strength  of  the  magnetic  field  produced 
by  the  solenoid.  The  author  states  that  the  general  results  may  be  sum- 
marised  as  follows:— In  all  magnetic  fields  with  moderate  loading,  the  effect 
of  twisting  nickel  wire  is  to  increase  the  magnetisation.  This  increase 
depends  on  the  strength  of  the  field  as  well  as  on  the  longitudinal  stress. 
If  the  field  be  weak,  and  the  longitudinal  stress  sufficiently  great,  the  mag- 
netisation increases  in  one  direction  of  twist,  and  decreases  in  the  other. 
Eventually  for  a  particular  stress  which  is  approximately  proportional  to 
the  field,  the  wire  begins  to  show  opposite  polarity,  and  the  cyclic  curve 
of  magnetisation  passes  gradually  f^om  a  two-looped  to  a  single-looped  form. 
For  stronger  fields  similar  effects  exist,  but  in  fields  higher  than  a  critical 
value  the  increase  and  decrease  of  magnetisation  take  place  for  reversed 
directions  of  twist,  and  at  the  same  time  the  course  of  the  curve  becomes 
e versed. 


S.  BOBN^DETEBMINATION  OF  THE  TRUE  OHM. 
{Awnalen  der  Physih  und  Chemie,  Vol  86,  1888,  pp.  22  and  888.) 

It  is  not  possible  to  do  more  than  glance  at  this  very  complete  treatise  on 
the  accurate  measurement  of  the  ohm,  extending  as  it  does  to  one  hundred 
pages  bristling  with  formulae  and  tabulated  results  of  observations. 

The  method  of  measurement  was  that  commonly  known  as  W.  W  eber 
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third  method,  modifled  by  Dorn.  The  damping  of  a  single  powerful  magnet  by 
the  coils  of  a  galvanometer  closely  sorroonding  it  was  observed,  and  the 
constant  of  the  galvanometer  determined  by  comparison  with  a  tangent 
galvanometer.  The  observations,  which  were  carried  out  in  the  latter  half  of 
1885  and  in  the  beginning  of  1886,  were  very  numerous.  Each  observation 
comprised  the  following  measurements  :*(!)  Measurement  of  the  distance  of 
the  scales  from  the  two  galvanometers ;  (2)  Yerification  of  distance  of  the 
index  marks  of  the  magnet;  (8)  Comparison  of  the  resistance  of  the  gal  van. 
ometer  with  a  standard  resistance;  (4)  Measurement  of  the  damping  with  four 
different  values  of  the  galvanometer  resistance;  (5)  Determination  of  the 
constant  of  the  galvanometer ;  QS)  Determination  of  the  period  of  oscillation; 
(7)  Determination  of  the  air-damping ;  (8)  Observation  of  the  ratio  ^/h  from 
the  deflection  of  the  magnetometer  of  the  tangent  galvanometer  by  the 
galvanometer  magnet  in  two  positions ;  (9)  Corresponding  observation  at  the 
place  occupied  by  the  galvanometer;  (10)  Comparison  of  the  value  of  the 
earth's  horizontal  intensity  at  the  place  of  the  galvanometer  with  that  at  the 
place  of  the  tangent  instrument.   . 

The  final  mean  value  of  the  ohm  found  by  Dorn  was — 
1  ohm  =B  1*06243  metres  of  mercury,  1  sq.  mm.  in  section  at  0^  0. 
This  value  is  the  mean  of  the  following : — Six  determinations  in  summer  gave 
a  mean  of  1*06243  =±=0-00018;  nine  in  autumn,  1-06242  =i=  0-00025 ;  eight  in 
winter,  1-06244  ^  0-00052. 


O.  H.  VON  WYSB~BESI8TANCE  OF  MAGNETIC  lEON. 
(AnnaXen  der  Physik  und  Ch$mie,  Vol  86, 1889,  p.  447.) 

The  iron  wire,  placed  inside  a  magnetising  solenoid,  formed  one  of  the 
branches  of  a  Thomson  bridge,  so  arranged  that  the  resistance  of  the  connec- 
tions and  contacts  could  be  eliminated.  In  order  to  eliminate  the  effect  of  the 
heat  which  was  necessarily  produced  in  the  inside  of  the  solenoid  by  the 
passage  of  the  magnetising  current,  a  second  arm  of  the  bridge  contained  a 
precisely  similar  iron  wire  in  a  precisely  similar  solenoid  so  far  as  size  and 
construction  were  concerned,  but  with  its  coils  so  connected  that  the  current 
in  one  half  neutralised  that  in  the  other  half.  The  two  solenoids  being 
connected  in  series  and  the  same  current  passed  through  them,  both  were 
equally  heated,  but  only  one  iron  wire  was  magnetised. 

The  first  point  to  which  Yon  Wyss  directed  his  attention  was  the  reversal 
of  the  direction  of  the  magnetisiog  current ;  he  found  it  to  have  no  effect. 
The  tabulated  results  of  the  measurements  and  the  curves  plotted  from  them 
show  that  the  resistance  was  in  every  case  increased  by  magnetisation;  the 
fields  of  force  used  varied  in  intensity.  Also,  it  appears  that  the  increase  in 
resistance  becomes  greater  with  more  intense  fields.  The  author  carefully 
determined  the  magnetic  moment  of  the  iron  wire ;  and  he  concludes  that  the 
change  in  its  electric  resistance  is  nearly  proportional  to  the  change  in  the 
magnetic ;  at  any  rate,  this  is  true  within  the  limits  of  his  experiments,   j  ^  - 
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C.  L.  WEBS&-^ONDUCTIYITY  OF  SOLID  MEEGUBT. 

(Anndlen  der  Phynk  und  Chemie,  Vol,  36.  lSB9,p.  687.) 

Mr.  L.  Grunthal  having  published  some  results  which  are  opposed  to 

those  obtained  by  Cailletet  and  Bouty,  and  by  the  author,  the  latter  seeks  to 

explain  the  differences,  which  are : — (1)  The  resistance  of  liquid  mercoiy  is 

only  about  one  and  a  half  times  that  of  solid  mercury,  instead  of  four  times ; 

(2)  The  temperature  coefficient  is  only  0*002  to  0*0004^  instead  of  0-4  per  cent. ; 

(3)  This  temperature  coefficient  is  variable.  The  author  does  not  claim  absolute 
exactness ;  but  he  cannot  admit  that  he  is  so  far  wrong  as  Gnmthal's  experi- 
ments  would  go  to  prove ;  besides,  his  figures  agree  closely  with  those  obtained 
by  the  two  French  observers. 

Both  agree  as  to  the  resistance  of  mercury  just  above  the  freezing  point; 
tlierefore,  in  order  to  explain  the  wide  divergence  in  the  measurement  of  the 
resistance  just  below  this  point,  it  must  be  assumed  that  on  solidification  some 
sudden  alteration  takes  place  which  either  makes  Weber's  resistance  appear  leas 
than  it  really  is,  or  makes  Grunthal's  appear  greater.  There  is,  however, 
nothing  in  the  phenomenon  of  solidification  which  would  lead  us  to  expect  a 
decrease,  but  rather  the  reverse,  therefore  Weber's  value  is  the  more  probable, 
especially  since,  in  solidifying,  breaks  in  continuity  of  the  substance  of  the 
mercury  may  occur.  Moreover,  as  stated,  Weber's  figures  agree  with  those  of 
Cailletet  and  Bouty ;  from  the  value  of  the  specific  resistance  at  zero,  viz., 
0*2826,  and  the  temperature  coefficient,  0*00433,  the  specific  resistance  at  —  89 
would  be  0*28488  for  the  solid  mercury,  and  from  »  «  1  and  a  -  0*00901  the 
specific  of  the  liquid  mercury  at  —  89°  would  be  0*96486,  the  ratio  of  these  two 
values  is  4*108 ;  Cailletet  and  Bouty  find  the  ratio  to  be  4*08. 


J.  XLBHrarCIC— THE  SUITABILITY  OF  PLATINUM.IBIDIUM  WIBE 
AND  SOME  OTHER  ALLOYS  FOB  THE  CONSTRUCTION  OF 
STANDARDS  OF  RESISTANCE. 

(Bsi6Zatt«r,  Vol.  13,  1889,  i?.  89.) 
Let  s  be  the  specific  grayity,  k   the  conductivity  at  16''-17%  mercury 
being  taken  as  unity,  e  the   thermo-electro-motiye  force  with  copper  in 
microvolts  per  degree,  p  the  temperature  coefficient  per  degree ;   then  the 
following  values  have  been  found  for  various  alloys :— 


Allot. 

S 

K 

10-170 

10  -  1000 

10«  1)16*6-46 

10«i)o-l6o 

Platinum-Iridium... 

21*60 

8-78 

7*14 

715 

1,864 

1,260 

BareNickelin       ... 

8*96 

2-90 

28-3 

33-2 

180 

186 

Covered  Nickelin  ... 

8*96 

2*91 

28-7 

33-9 

180 

188 

Bare  German  Silver 

8*62 

3-84 

9-75 

11-47 

39G 

880 

Covered    German) 
Silver   ; 

8*64 

3-60-3-67 

IM 

13-2 

867 

860 

Platinum-Silver    ... 

— 

3-11 

6*62 

— 

.r,..H«7<Cr 

C    ^7 

ABSTRACTS.  881 

With  copper  and  nickelin  or  copper  and  German  silver,  the  thermo-current 
flows  acrow  the  varm  junction  to  the  copper ;  in  the  two  platinum  alloys  the 
direction  is  the  reyerse. 

On  comparing  the  resistance  coil  at  intervals  of  ten  months  with  a  mercury 
standard,  small  differences  were  found  which  were  sometimes  positive  and 
sometimes  negative,  and  varied  from  0*019  to  0*064  per  cent.  Small  deforma- 
tions  have  hut  little  effect  on  the  resistance.  The  two  platinum  alloys  and 
covered  nickelin  show  a  small  secular  decrease.  Repeated  deformations,  such 
as  hending  and  unhending,  have  considerable  effect.  If  the  resistance  of  the 
-wires  hefore  being  heated  to  glowing  is  equal  to  unity,  then  the  resistance 
afterwards,  when  reduced  to  the  initial  temperature  (16*6°),  is— 

Platinum-Iridium 0*97243      Platinum-Silver   101898 

BareKickelin       100789      Bare  German  Silver    1*00366 

Covered  Kickelin 1*00725      Covered  German  Silver      ...    1*00824 

Stretching  and  torsion  increase  the  resistance  in  each  case ;  the  increase 
may  be  transient  or  permanent  according  to  the  length  of  time  during  which 
the  force  acts. 

The  rate  of  cooling  was  also  very  carefully  investigated.     If  T  is  the 

temperature  of  the  wire,  t  that  of  the  surrounding  medium,  8  the  specific 

resistance  at  t,  %  the  strength  of  the  current  used  to  heat  the  wire,  r  the  radius 

of  the  wire,  a  the  coefficient  for  temperature,  and  A  the  constant  of  cooling, 

then 

t«SMc, 


'^-i^[^  ^  ^(T^  ''^)}  =^-rA(T  ^t), 


and  if  a  is  small,  for  wires  of  equal  diameter  and  for  equal  currents, 

T -t«  const. -?. 
A 

The  actual  wires  were  not  all  of  the  same  diameter,  otherwise  the  values  of  A, 

which  varied  from  0*00091  to  0*00138,  would  have  been  equal. 

The  author  concludes  that  platinum-iridium  and  platinum-silver  are  the 

alloys  which  best  meet  all  the  requirements.    The  high  thermo-electro-motive 

force  of  nickelin  when  in  conjunction  with  copper  is  an  objection  to  its  use 

for  a  standard  resistance,  though  its  low  temperature  coefficient  is  favourable 

to  its  use  in  resistance-boxes. 


E.  XJ^HDMAVV— EXPERIMENTS  ON  BICHROMATE  BATTERIES 
WITHOUT  DIAPHRAGMS. 

{Be&>l&tter,  Vol.  13,  1889,  p.  94.) 

The  cells  have  a  height  greater  than  their  diameter,  and  contain  about 
6  litres  of  a  iolation  of  12  parts  of  bichromate  of  sodium  in  100  parts  of 
water,  to  which  25  parts  of  solphorio  aeid  is  added.  If  about  1  square 
dm.  of  nnc  is  exposed  to  the  solutioni  it  will  not  need  to  be  changed) Iw 
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two  houn.  Owing. to  their  very  low  internal  reiiatanoei  these'  celliB  can  be 
conveniently  used  for  working  glow  lamps  coupled  in  parallel.  On  account 
of  the  small  quantity  of  material  required,  the  difficulty  of  crystallisatlQn^ 
and  the  low  price  of  the  material,  the  hichromate  of  sodium  is  to  be  pre- 
ferred to  the  potassium  salt  or  to  chromic  acid.  The  depolarisation  and 
E.H.F.  is  greater  with  porous  carbon  than  with  hard  close-grained  carbon. 
The  zincs  used  should  be  free  from  carbon  and  iron,  since,  if  the  cells 
are  coupled  in  parallel,  local  action  may  be  set  up. 


M.  BELLATZ  and  S.  LU88ANA— OCCLUSION  OF  HYDEOaEK 
BY  NICKEL. 

{BeiblaUer,  Vol,  13, 1889,  p.  95.) 

Nickel  will  not  absorb  dry  hydrogen ;  but  when  a  nickel  wire  was  used 
as  the  negative  electrode  in  a  water  voltameter,  and  the  quantity  of  gas 
evolved  compared  with  that  from  another  voltameter  with  platinum  elec- 
trodes, and  with  a  third  with  platinum  anode  and  nickel  cathode,  it  was 
found  that  in  200  hours  the  nickel  had  absorbed  about  100  times  its  volume  of 
hydrogen.  The  occluded  hydrogen  is  not  given  up  if  the  nickel  is  placed 
in  a  bell-jar  containing  air  and  sealed  with  mercury,  but  the  mercury  rises 
owing  to  oxidation  of  the  metal. 

When  a  long  nickel  wire,  hanging  vertically  in  a  tube  of  acidulated 
water,  served  as  cathode  to  a  parallel  platinum  wire,  the  nickel  wire 
increased  by  0-000036  of  its  initial  length,  viz.,  1*44  m.  This  is  not  an 
efifect  of  temperature,  since  comparison  was  made  with  the  platinum  wire, 
which  would  have  expanded  about  equally  under  the  influence  of  heat. 

The  occlusion  of  hydrogen  increases  the  resistance  of  the  nickel.  If 
the  volume  of  hydrogen  at  0^  C.  and  760  mm.  pressure  is  v  times  the  volume 
of  the  nickel,  then  the  increase  of  resistance  at  22*7°  can  be  calculated  from 

the  formula, 

0-001626  +  0-00005789*  v. 
With  increasing  temperature,  the  resistance  of  nickel  containing  occluded 
hydrogen  seems  to  alter  rather  less  than  ordinary  nickel;   thus  the  tem> 
perature  coefficient  of  the  latter  is  0*00371,  while  that  of  nickel  with  100 
times  its  volume  of  occluded  hydrogen  is  0-00369. 


J.  K.  VAN  t'HOrr  aad  Ii.  T.  BEICHSB— THE  DISSOCIATION 
THEORY  OP  ELECTROLYTES. 

{Beihlatter,  Vol.  13, 1889,  jp.  98.) 

The  experiments  were  carried  out  with  very  dilute  solutions,  down  to 

^^xsizts  fi^s^inme  molecule  per  litre.     Their  resistances  were  determined  by 

means  of  the  telephone  method,  using  Arrhenius'  resistance  vessels.    If  v  is 

the  volume  in  litres,  in  which  1  gramme  molecule  is  dissolved ;  m  the  mole- 
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cular  condactivity ;  moc  the  molecular  coodaotivity  for  an  inflnitely  dilate 
solation ;  then,  according  to  Oatwald, 


(^y 


-  K, 


\?^here  K  is  a  constant. 

The  following  table  shows  the  results  of  the  experiments  -. — 


Temp. 

tnoc 

(Log.K)  +  10 

Temp. 

mcc 

(Log.K)  +  10 

Acetic  Acid 

141 

816 

5-250 

19-1 

385 

5-837 

Butyric  Acid       

141 

805 

5-214 

191 

327 

5-274 

Benzoic  Acid      

— 

— 

— 

19-1 

807 

5-921 

PonnicAcid 

14-1 

880 

6-296 

— 

— 

— - 

Monochloracetic  Acid 

14-1 

811 

7-2 

— 

— 

— 
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The  One  Hundred  and  Ninety-first  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
April  11th,  1889— Professor  W,  E.  Ayrton,  F.R.S.,  Vice- 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  March 
28th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended* 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Students  to  that  of  Associates — 

Bernard  M.  Jenkin.  |      Leonard  Newitt. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Director-General  of 
Italian  Telegraphs,  the  Institution  of  Civil  Engineers,  and  A.  E. 
Bennett,  Member,  to  whom  the  thanks  of  the  meeting  were 
heartily  accorded. 

The  Chairman:  The  paper  to  be  read  this  evening  is  on 
"  Underground  Conduits  and  Electrical  Conductors,"  by  John  B. 
Verity ;  but  I  am  sorry  to  say  that  Mr.  Verity  has  been  suddenly 
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seized  with  illness,  and  is  unfortunately  unable  to  be  present  to 
personally  give  us  the  paper,  which  will  be  read  by  the  Secretaiy. 

The  following  paper  was  then  read  by  the  Secretaky  : — 

UNDERGROUND    CONDUITS    AND    ELECTRICAI^ 
CONDUCTORS. 

By  John  B.  Verity,  Member. 

My  object  in  bringing  this  subject  before  you  this  evening  is 
to  promote  an  interchange  of  opinion  and  experience  concerning 
one  of  the  few  remaining  problems  connected  with  the  general 
distribution  of  electricity  in  our  cities.  Since  I  began  to  write 
this  paper  on  my  return  from  America,  much  information  has 
appeared  in  the  electrical  press,  and  the  close  attention 
now  being  paid  to  the  matter  in  America  is  equalled  by  a  like 
spirit  of  inquiry  here.  The  outcry  against  overhead  wires  has 
been  gaining  in  force;  and  although  the  numerous  objections 
urged  are  devoid  of  solid  grounds,  there  is  a  general  feeling  that 
any  considerable  extension  of  overhead  cables  for  electric  lighting 
is  impossible,  both  on  account  of  the  difficulty,  and  no  incon- 
siderable expense,  in  procuring  way-leaves,  and  also  the 
attitude  taken  up  by  the  Board  of  Trade  and  others  to  put  a  stx)p 
to  them.  Overhead  wires  in  this  country  may  therefore  be  simply 
considered  as  a  temporary  measure  to  admit  of  the  electric 
supply  companies  getting  to  work,  and  permitted  only  on  the 
distinct  pledge  of  the  removal  of  such  wires  within  a  certain 
period. 

The  time  allowed  for  the  execution  of  underground  works  in 
Provisidnal  Orders  and  Licenses,  although  as  long  a  period  as 
could  be  obtained,  is  all  too  short,  and  a  thorough  discussion  of 
the  subject  at  the  ^present  time,  in  its  numerous  aspects,  is 
highly  advisable  to  enable  it  to  be  afterwards  promptly  and 
adequately  dealt  with. 

In  three  months  we  may  reasonably  conceive  that  certain 
electric  supply  companies  will  be  under  legal  obligations  to  at 
once  face  the  problem  of  putting  high-tension  electric  oonductow 
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nnderground.  Ifc  will  be  no  petty  attempt  narrowed  down  to  a 
small  area,  bat  in  two  special  instances  the  undertaking  is 
proposed  to  be  carried  out  on  a  large  scale  by  companies  of 
adequate  financial  resources,  and  with  supply  stations  already 
erected  or  in  process  of  erection, 

**  Is  failure  probable  ?  "  may  seem  a  singular  question  to  put 
here,  but  it  is  a  necessary  one,  leading  up  to  the  various 
diflSculties  to  be  encountered,  and,  in  view  of  the  alarmist  state- 
ments at  the  recent  Electrical  Convention  in  Chicago,  one  that 
deserves  prominence.  Mr.  Lynch's  paper  giving  the  results  of 
the  working  of  underground  cables,  and  which  was  practically 
the  only  part  of  the  meeting  reported  in  the  English  papers, 
showed  but  one  side  of  the  case,  and  from  the  discussion  fol- 
lowing it  (and  which  appeared  in  the  Electrical  Worlds  March  2) 
much  was  to  be  learned.  Many  of  the  companies  operating 
underground  cables  had  from  some  cause  or  other  not  given  their 
opinions,  and  the  failures  alluded  to  were  in  several  instances 
traced  to  defective  conduits,  insuflBciency  of  insulation,  poor 
insulation,  imperfect  jointing,  and  cheap  work.  Cheap  work  has 
damned  electrical  enterprise  before  now,  and  it  behoves  us  all  to 
guard  against  a  recurrence  of  it.  Anything  also  on  the  subject  of 
conduits  and  underground  electric  conductors  emanating  from 
American  electricians  has  to  be  carefully  sifted,  as  not  even  are 
our  Unionists  and  Home  Rulers  more  defined  than  certcdn 
**  overhead  "  and  "  underground  "  men  in  America.  The  overhead 
men  accuse  all  the  underground  men  of  being  interested  in  some 
of  the  dozen  forms  of  conduits  put  forth ;  the  imderground  men 
retaliate  by  saying,  "  You  don't  want  to  go  underground,"  and 
^*  You  boldly  say  we  cannot  go  underground.*' 

In  England  we  stand  on  a  different  footing  altogether:  if 
much  more  electric  lighting  work  is  to  be  done  we  must  go 
underground ;  and  having  recognised  that,  how  can  it  best  be 
done?  The  necessity  and  best  form  of  conduits  are  the  first 
points  for  discussion. 

The  successful  working  rf  a  system  of  underground  electrical 
cables  in  a  city  must  be  linked  to  an  arrangement  of  ducts,  as  the 
impossibility,  without  such,  of  getting  at  the  cables  for  repairs. 
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inspection,  tapping,  and  alterations  is  evident.  Even  if  the  local 
authorities  remained  quiescent  during  any  continual  disturbance 
of  our  streets  on  account  of  electrical  conductors,  commercial 
interest  must  prevent  such  occurring.  The  expense  of  opening 
up  a  crowded  thoroughfare  to  lay  underground  cables  is  in  many 
cases  as  great  as  the  cost  of  whatever  is  being  laid,  while  by 
using  a  duct  this  expense,  once  incurred,  should  not  be  again 
necessary.  Again,  if  the  cable  be  laid  in  the  ground  without  a 
duct,  it  is  necessary  to  armour  it,  and  lay  it  down  at  first  equal  to 
all  possible  requirements,  otherwise  any  extension  of  the  lighting 
beyond  the  capacity  of  the  cable  would  necessitate  a  repetition 
of  the  whole  original  work.  In  this  case  the  first  cost  of  such  a 
large  cable  would  be  nearly  as  great  as  the  smaller  cable  and  duct 
together.  Finally,  the  life  of  the  best  cable  for  high-tension 
currents  cannot  at  the  present  be  predicted ;  and  this,  together 
with  the  other  reasons,  undoubtedly  proves  that  a  conduit  with  a 
drawing  in  and  out  system  is  eminently  desirable. 

An  ideal  system  for  undergroimd  work  is  a  brick  subway,  well 
drained  and  ventilated,  and  of  sufficient  size  to  permit  of  a  man 
working  in  it.  Failing  this  Utopian  arrangement,  what  comes 
next  best  ?  In  New  York,  where  the  matter  has  been  placed  in 
the  hands  of  a  Board  of  Electrical  Control,  they  start  out  by 
saying  that  a  conduit  or  subway  for  electrical  conductors  is 
nothing  more  than  a  mechanical  protection  for  the  wires  within 
it,  and  a  convenience  for  placing  or  putting  them  underground. 
In  their  experience  of  three  years  the  Board  of  Electrical 
Control  have  naturally  tried  and  abandoned  many  conduits.  In 
a  room  of  the  Telephone  Building,  New  York,  occupied  by  the 
Subway  Construction  Corporation,  there  is  a  heap  of  experience- 
experience  gained  at  no  little  cost — that  it  would  be  of  advantage 
for  engineers  who  lightly  propose  undertaking  such  work  to 
see  and  meditate  on.  Wooden  conduits,  bitumen  conduits, 
asphalte  conduits,  earthenware  conduits,  samples  of  underground 
conductors— all  are  here  in  what  is  termed  the  museum,  and 
afford  a  collection  of  failures  most  instructive  as  to  what  not 

In  many  mstances,  however,  the  conditions  there  would  not 
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apply  to  England.  At  present  we  have  no  system  of  steam- 
heating  with  leaky  pipes,  causing  trouble  wherever  they  go. 
Again,  here  we  have  not  those  great  extremes  of  heat  and  cold, 
the  frost  compelling  conduits  to  be  laid  at  an  average  depth  of 
four  feet,  and  the  heat  causing  various  troubles  with  asphalte 
and  bitumen  conduits. 

At  the  same  time,  from  the  number  of  miles  of  conduits  laid 
down  there  should  be  something  to  learn,  and  I  therefore  pro- 
pose instancing  some  of  the  more  important  conduits  known  in 
America  and  elsewhere. 

Conduits  are  divided  into  two  classes — the  so-called  solid 
conduit,  and  the  hollow  conduit.  Solid  conduits  are  useless  con- 
sidering here,  as  they  practically  consist  of  cables  bedded  in 
asphalte  or  bitumen,  which  means  ripping  up  the  ground  and 
breaking  the  enclosing  mass  if  alterations  are  required.  With 
hollow  conduits,  the  difficulties  to  be  encountered  seem  to  be  to 
provide  a  smooth  channel  with  convenience  for  drawing  in  and 
out  to  prevent  explosions  through  accumulation  of  gas,  and  to 
keep  them  reasonably  dry  and  water-tight. 

In  the  discussion  at  Chicago  it  was  stated  that  in  one  instance 
it  was  necessary  to  keep  a  blower  going  to  ventilate  an  iron 
conduit,  while  several  authorities  appear  to  consider  it  advisable 
on  dry  days  to  take  oflF  the  manhole  covers.  Accidents  have,  of 
course,  occurred  from  conduit  explosions,  and  the  engineer  of 
the  United  States  Electric  Lighting  Company  instances  one  where 
the  manhole  covers  of  the  conduit  were  blown  over  the  roof  of  a 
four-storied  building.  But  in  England,  again,  the  work  done 
by  the  gas  companies  is  far  better,  and  the  leakage  in  our 
streets  is  not  in  any  way  to  be  compared  with  the  quantity  of 
illuminating  gas  which  wanders,  fancy  free,  through  the  soil  of 
mimy  of  the  cities  in  the  States. 

It  appears  desirable  that  conduits  should  be  ventilated;  and 
the  form  adopted,  where  possible,  is  to  ventilate  them  by  means 
of  a  pipe  running  into  the  base  or  up  the  interior  of  the  street 
lamp-posts.  With  regard  to  keeping  them  water-tight,  thi< 
is  another  constructional  question,  surely  capable  of  being 
properly  dealt  with.  jgitizedbyCjOOglC 
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Many  of  the  complaints  of  leaky  conduits  and  ultimate  failure 
of  cables  I  trace  back  to  the  Dorsett  conduit. 

This,  one  of  the  earliest  forms  of  conduits,  is  built  of  blocks 
formed  of  a  combination  of  coal-tar  pitch  and  fine  gravel,  cast 
with  tubular  openings  2 1  in.  in  diameter  running  through  them 
from  end  to  end.  They  are  jointed  by  pouring  soft  mastic  into  the 
cracks  between  them,  and  the  blocks  made  to  adhere  to  this  by 
warming  their  ends  with  hot  irons  and  allowing  them  to  cool, 
after  being  well  set.  To  prevent  the  melted  mastic  from  closing 
the  ends  of  the  passages,  tubular  pieces  of  paper  are  inserted, 
making  a  sort  of  internal  sleeve  coupling.  The  conduit  so  formed 
terminates  in  brick  manholes  at  the  street  crossings.  The 
objections  to  this  conduit  are  that  it  is  brittle,  porous,  inelastic, 
and  cracks  with  changes  of  temperature,  so  that  it  is  not  likely  to 
be  made  water-tight  with  average  workmanship. 

Creosoted  wood  conduits  have  been  extensively  used  in  the 
States,  and  have  been  a  leading  cause  of  trouble  and  failure  with 
lead-covered  cables.  A  chemical  action  takes  place  between  the 
crude  creosote  and  the  wood,  setting  free  acetic  acid  and  carbonic 
acid  gas,  which,  re-acting  on  the  lead  pipe,  converts  its  surface 
into  a  film  of  acetate  of  lead ;  the  action  continuing  until  the 
entire  sheathing  is  converted  into  carbonate  of  lead,  or  white  lead* 
Creosote  is  also  said  to  rot  rubber.  There  are,  of  course,  ways  of 
overcoming  such  troubles;  but  as  I  do  not  think  we  shall  be 
disposed  to  use  creosoted  wood  conduits  in  this  country,  the 
matter  need  not  be  given  much  prominence  here. 

The  diflSculty  of  obtaining  a  conduit  that  shall  be  anything 
more  than  a  mechanical  protection  for  the  cables  is  certain  to  be 
great,  as,  however  good  the  insulating  material  forming  the 
conduit  may  be,  and  however  water-tight  the  joints,  there  is  a 
difficulty  in  excluding  dampness  unless  it  is  practically  air-tight, 
as  damp  air  enters  the  conduit  and  condenses  on  it. 

Several  conduits  have  been  made,  however,  with  a  view  to 
afford  electrical  as  well  as  mechanical  protection  to  the  cables. 
The  Callender  bitumen  conduit,  for  instance,  is  well  known  here. 
It  is  being  extensively  laid  down  by  the  Chelsea  Electric  Lighting 
Company,  and  five  hundred  yards  of  it   is   being   tried  by  the 
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Metropolitan  Electric  Supply  Company.  For  high-tension 
corrents  its  nse  is  doubtful,  but  perhaps  in  the  discussion  some- 
thing may  be  said  on  this  point. 

Vitrified  3-in.  sewer  pipes  laid  in  concrete,  with  cement  joints, 
have  been  used  in  some  instances  for  underground  work. 

The  Lake  conduit,  shown  in  the 
illustration  (Fig.  1),  is  made  from  the 
best  stoneware  clay  vitrified  and  well 
glazed.  This  conduit,  said  to  be  used 
with  success  by  the  United  States 
Electric  Lighting  Company  at  Wash- 
ington, is  constructed  with  six  com- 
partments, each  being  2^  in.  by  4J  in.  It  is  delivered  in  short 
lengths,  and  the  joints  are  protected  by  stoneware  covers  set  in 
cement. 

The  Doulton  conduit  (Fig.  2)  consists  of  a  glazed  earthenware 
pipe  in  which  the  cables  are  laid,  separated  by  toothed  insulating 
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partitions.  A  space  at  the  bottom  drains  off  the  condensed 
moisture,  which  is  got  rid  of  by  suitable  traps.  The  joints  are 
made  like  ordinary  drain  pipes. 

A  serious  objection  to  such  conduits  seems  to  be  the  joints, 
which  are  made  with  cement.  It  is  very  diflScult  to  break  a 
cement  joint  without  also  breaking  the  pipe ;  and  as  it  might  be 
necessary  at  times  to  put  in  a  new  length,  this  could  not  well  be 
done.  Again,  the  rigidity  of  a  cement  joint  is  a  disadvantage,  as 
in  laying  earthenware  pipes  it  becomes  necessary  at  timeVCo  alter 
the  alignment. 

The  Hurlbut  conduit  system  (Fig.  3)  was  designed  to  overcome 
this  difficulty  by  means  of  a  flexible  joint.  The  joint  is  shown  in 
the  diagram.  C  represents  asbestos  gaskets  recessed  \nto  the 
coupling  and  resting  against  the  pipe;  B  is  a  cavity  formed 
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between  the  asbestos  gaskets,  and  is  filled  with  a  permanently 
plastic  sealing  material ;  A  represents  openings  through  which 
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Fio.  3. — ^HuBLBUT  Flexible  Conduit. 
A  ABbestos  Gaskets.     B  Plastic  Sealing.      C  Holes  for  fiUing  in  plastic  material. 

the  sealing  material  is  poured.    It  is  claimed  that  snch  joints  wiU 
always  remain  both  flexible  and  hermetically  sealed. 

Mr.  B.  Verity's  conduit  (Fig.  4).  This  is  a  system  of  glazed 
stoneware  clay  conduit,  with  separate  channel  for  each  conductor. 
The  joints  are  made  as  shown  on  diagram,  the  double  cone-piece 
being  inserted  before  the  jointing  material  is  run  in.  The  special 
object  of  this  conduit  is  to  enable  bare  conductors  to  be  used, 


Fio.  4. 


iQSu|fe|d  only  at  the  manholes^  or  where  they  are  likely  to  be 
handled.    £zperiment9  have  provect'  this  form  to  be  capable  of 
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standing  almost  anything  mechanically  when  laid  on  a  fairly  good 
bottom.  Mr.  Verity  has  also  patented  a  system  of  glass  tubes  in 
iron  pipes  for  the  same  purpose. 

Pipes  of  glazed  earthenware  with  several  ducts  form  a  good 
mechanical  protection,  beii^g  capable  of  resisting  considerable 
•crushing  pressure;  while  the  glazing  both  inside  and  outside 
provides  also,  under  certain  conditions,  a  first-class  electrical  pro- 
tection. If  it  be  desirable  that  the  conduit  should  be  formed  of  a 
non-conductor,  then  nothing  could  be  better  than  such  glazed 
•earthenware,  which  also  is  of  no  great  cost.  The  difficulty  of 
maintaining  good  joints  with  earthenware  pipes  has  been  referred 
to  some  time  ago  in  connection  with  conduits  for  telegraph  pur- 
poses, several  instances  having  been  given  by  Mr.  Preece  and 
others,  of  roots  of  trees,  branches,  and  other  vegetation  having 
made  their  way  through  the  joints.  Is  this  capable  of  being 
overcome  by  a  flexible  joint,  which  should  at  any  rate  prevent 
joints  giving  through  expansion  and  contraction  ? 

The  great  disadvantage,  however,  to  the  use  of  earthenware 
pipes  in  many  places  in  a  city  like  London  is  the  amount  of  space 
required  for  them  ;  in  fact,  the  difficulty  of  laying  any  conduit  at 
all  in  some  of  our  streets  will  be  found  simply  enormous. 

As  a  mechanical  protection  only,  it  is  immaterial  whether  the 
conduit  be  a  non-conductor  or  not.  The  simplest  form  of  such 
a  duct  is,  of  course,  an  iron  pipe ;  and  the  Western  Union  Tele- 
graph Company,  among  others,  have  laid  cast-iron  pipes  of  4  in. 
and  5  in.  diameter,  with  manholes  at  a  distance  of  about  450  ft. 
apart.  In  the  majority  of  cases,  however,  the  plan  has  been  to 
lay  a  number  of  separate  iron  pipes  in  a  concrete  bed,  by  which 
arrangement  the  pipes  can  be  crowded,  or  curved,  or  kept  apart, 
as  may  best  overcome  any  difficulties  or  obstacles  met  with 
underground.  For  instance,  four  pipes  may  be  laid  on  the  same 
level  in  two  layers;  or  where  only  a  narrow  excavation  can  be 
made,  the  pipes  can  be  curved  roimd  ^o  that  two  pipes  are  abreast 
in  four  layers.  In  this  way  the  trenching  is  often  materially 
•diminished.  Screw-jointed  asphalted  ^rrought-iron  pipes  of  2 
-or  3  in.  diameter  laid  in  hydraulic  cement  concrete  are  said  to 
present  the  greatest  tightness  of  dudt  against  gas  and  water, 
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together  with  tjie  greatest  strength.    (Illustration  given — Figs.  5 
and  6.) 


A 


Mmm 


Cement  -  lined  sheet-^iron  pipes,  however,  possess  some 
advantages,   such,   for  instance,   as    smooth    interiors,   and  the 

advantage  of  an  iron  enclosure,  without 
the  cable  being  brought  into  contact 
with  it;  and  on  the  sheet  iron  being 
eaten  away,  the  cement  still  retains  the 
pipe  form.  Zinc  tubes,  again,  have  been 
iLsed,  but  are  liable  to  be  dented  in ;  and 
asphalted  concrete  is  often  preferred  to 
hydraulic  cement  concrete. 

Whatever  system  of  pipes  be  used^ 
it  is  important  that  they  should  have 
smooth  interiors  and  close  joints ;  and 
every  conduit,  of  whatever  kind,  must  be 
thoroughly  well  bedded,  so  as  not  to  be  liable  to  displacement 
from  above. 

An  ingenious  conduit  core  (Fig,  7)  has  been  de\dsed  by  Mr. 
Chenoweth:  a  wooden  cylindrical  rod  14  or  20  ft.  in  length  is 
cut  in  two,  forming  two  half-cylinders,  and  the  space  removed  is 
occupied  by  an  irqp  rod  having  a  thickness  equal  to  the  portion 
sawed  out.     This  forms  the  mandrill  or  core  shown  in  the  illus^ 
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tration.  A  ribbon  of  galvanised  iron  1  in.  wide  and  a  thickness  of 
No.  27  gauge  is  wound  spirally  round  this  from  end  to  end, 
securing  the  ends  to  the  wood  to  prevent 
unwinding. 

After  painting  the  outside  of  the  core 
with  a  mixture  of  clay,  soapstone,  and 
water,  the  core  is  placed  in  the  ditch  on 
crossed  pieces  of  wood.  If  more  than  one 
duct  is  to  be  constructed,  other  cores  are  placed  side  by  side; 
concrete  is  then  well  tamped  round,  bringing  the  top  to  an  even 
level.  The  iron  rod  is  then  removed,  as  well  as  the  two  pieces 
of  wood,  and  the  fastenings  of  the  ribbon  ends.  When  the 
cement  hardens,  the  iron  spiral  can  be  drawn  out  at  any  manhole 
or  unfinished  portion  of  the  work.  It  is  claimed  that  the  surface 
coating  of  clay  and  soapstone  adheres  to  the  interior  of  the  duct 
and  produces  a  smooth  surface,  while  a  monolithic  structure  is 
ensured,  water-tight  by  reason  of  its  construction.  I  think  this 
is  another  instance  of  American  ingenuity. 

The  Johnstone  iron  conduit,  shown  in  the  illustration  (Fig.  8), 
is  said  to  be  very  successful,  and  I  saw  portions  of  it  as  designed  to 
be  laid  in  New  York  City.  It  is  made  in 
sections  about  6  ft.  long,  and  has  six  ducts. 
The  three  lower  ones  and  the  central  duct 
on  the  top  could  be  used  for  mains,  and  the 
two  outer  top  ducts  for  house-to-house  and 
street  lighting.  Where  any  house  circuit 
is  required  the  top  half  of  a  single  section 
is  taken,  and   a  new  half-section  with  a  Fio.  8. 

hole  in  it,  to  which  an  elbow  can  be  bolted,  is  fixed  in  its  place. 

A  form  of  conduit  made  by  Mr.  W.  E.  Irish,  of  Cleveland 
(Fig.  9),  is  also  worthy  of  notice.  In  the  illustration  the  conduit 
consfsts  of  a  tubular  pipe  cast  in  sections,  with  flanges  which  are 
recessed  on  the  inside  to  receive  a  rubber  ring,  forming  a  gasket 
between  the  two  sections  when  bolted  together.  The  conduit  is 
provided  with  a  longitudinal  slot  or  opening  along  the  top,  with 
inwardly  inclined  sides  and  flat  surfaces  on  either  side  of  the  slot, 
to  whiph  the  cover  is  secured  by  screws.    To  i)revent  the  entrance 
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of  moisture  through  this  slot  a  strip  of  rubber  or  leather  is  first 
laid  on  the  top  of  the  flanges,  extended  from  one  outer  edge  to 
the  other.     On  this  a  solid  wedge-shaped  piece  which  fits  into  the 


Fig.  9. 

«lot  snugly  is  placed  so  that  on  the  cover  being  screwed  down  the 
wedge,  with  the  packing  surrounding  it,  is  forced  into  the  slot  so 
as  to  seal  it  perfectly.  It  is  claimed  that  there  is  great  conve- 
nience in  laying  wires  with  this  conduit,  and  that  any  wire  can  be 
tapped  at  any  point  by  simply  removing  the  cover  and  making 
the  necessary  connections.  The  illustration  represents  the  conduit 
with  a  branch,  also  a  junction  box,  &c. 

Diagram  Fig.  10  represents  Mr.  J.  E.  H.  Gordon's  system,  as 
used  by  the  Metropolitan  Electric  Supply  Company.  The  cables 
are  drawn  into  an  iron  pipe,  and  smaller  iron  pipes  are  led  from 


Fio.  10. 

the  house  junction  boxes  to  carry  the  wires  for  house  lighting. 
Testing  boxes  of  a  larger  size,  and  built  of  brick,  are  provided  at 
intervals. 

It  is  generally  admi^d  that  an  importtot  point  in  under- 
ground work  is  good  manholes.  Mr,  W.  D.  Sargent,  in  a  paper 
rend  before  the  National  Telephone  Association,  1888,  said  that 
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within  reasonable  limits  it  is  almost  impossible  to  get  these  man- 
holes or  working  chambers  too  large,  and  that  they  have  been 
compelled  in  many  instances  to  rebuild  and  enlarge  them  after 
some  time. 

There  is  no  doubt  they  must  be  of  good  size  for  convenience 
of  drawing  in  and  out,  which  is  often  a  difficult  matter,  especially 
with  lead-covered  cables.  In  one  instance,  in  Chicago,  the  man- 
holes are  built  in  octagon  shape,  in  brick  and  cement,  about  4  ft. 
square,  being  made  air-tight  with  screw-head  and  rubber  gasket ; 
and  testing  boxes  placed  in  them,  so  that  troubles  can  be  readily 
located,  faulty  wires  drawn  out,  and  good  ones  put  in.  In  other 
cases  the  manholes  vary  from  3  ft.  6  in.  to  6  ft.  deep,  with  iron  curbs 
and  tops,  and  cement  bottoms,  and  the  covers  made  practically 
tight  against  water ;  many  of  the  lids  draining  the  water  from  the 
edge  and  collecting  it  in  the  centre,  thus  diminishing  the  liability 
to  leakage  at  the  gasket.  With  the  Johnstone  and  the  Irish  con- 
duits it  is  not  necessary  to  provide  for  house  connections,  as  the 
alteration  can  be  made  at  any  time  afterwards  when  an  application 
for  light  is  received.  But,  as  a  rule,  hand  distributing  boxes, 
made  of  cast  iron,  with  screw-head  and  rubber  gasket,  are  fixed, 
one  between  every  two  houses,  and  after  jointing,  the  boxes  are 
often  filled  with  bituminous  or  insulating  compound.  In  the 
cement-lined  pipe  conduit  system  one  pipe  is  occasionally  j)laced 
at  the  top  for  the  house  distribution,  and  connections  made  with 
the  mains  at  the  manholes.  As  to  the  frequency  of  these  latter, 
much  depends  on  the  alignment  of  the  conduit.  At  angles  or 
changes  of  grade  small  manholes  are  necessary. 

The  combination  curb  and  gutter  conduit  (Fig.  11)  shown  in  the 
illustration  is  worth  notice.  The 
curb  and  gutter  is  made  of  fine 
concrete,  one  part  of  Portland 
cement,  ten  parts  clean  sharp 
sand,  and  three  parts  of  broken 
stone,  and  the  exposed  surfaces 
coated  with  a  granolithic  mixture 
li  in.  thick,  such  as  is  now  used  ^^o.  ii. 

for  some  of  our  London  pavements.    A  conduit  for  ek 
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ductors  of  any  reasonable  size  can  be  formed  as  shown  in  the 
inner  angle  of  the  curb,  with  hand-holes  from  above  closed  with 
iron  covers  at  intervals.  The  illustration  is  taken  from  the 
admirable  report  on  underground  wires  by  Major  Raymond,  the 
engineer  commissioner  for  the  District  of  Columbia,  and  which 
contains  valuable  information  on  many  points.  '  . 

It  was  suggested  some  time  ago  that  the  curb-stones  should        ' 
be  removed  from  busy  thoroughfares  and  replaced  with  a  hollow 
curb  edged  with  cast  steel,  and  the  suggestion  may  bear  fruit  in 
the  future. 

As  I  still  have  to  deal  with  electrical  conductors,  I  cannot 
here  refer  to  the  general  cost  of  laying  conduits,  as  at  one  time 
I  proposed  doing.     The  principal  cost,  however,  of  laying  them 
is  in  making  good,  and  this  depends  on  the  material  of  the  road,  Jl\ 
the  cheapest  being  macadam  (varying  from  58.  per  square  yard,        ■ 
whereas  asphalte  would  be  nearer  203.  per  square  yivrd). 

The  diflSculty  of  laying  any  form  of  conduit  in  some  of  our  I  ] 
London  streets  must,  as  I  have  already  said,  be  very  great.  The  ^ 
last  comer  will  of  course  feel  this  the  most ;  and  although  the 
Hydraulic  Engineering  Company  may  have  recently  had  much 
trouble  to  find  room  for  their  pipes,  the  electric  supply  com- 
panies, again,  will  have  an  easier  task  than  the  Telephone 
Company,  who  are  putting  oflf  the  evil  day. 

As  to  what  form  of  conduit  is  most  suitable  for  London  and 
our  provincial  cities  there  will  be  differences  of  opinion,  but  I 
trust  the  discussion  following  will  narrow  it  down  to  a  small  issue 
upon  which  such  work  can  be  undertaken  with  a  tolerable  surety 
of  its  lasting  success. 

There  is  really  sufficient  subject-matter  for  a  paper  on 
conduits  alone,  and  in  taking  up  the  question  of  underground 
conductors  I  propose  to  chiefly  restrict  myself  to  a  consideration 
of  conductors  for  high-tension  electric  lighting  circuits. 

With  regard  also  to  underground  conductors  for  low-tension 
work,  I  feel  that  the  Edison  system,  as  at  present  laid  down,  is 
thoroughly  capable  of  filling  all  the  requirements  of  house-to- 
house  distribution.  Many  companies  in  the  States  and  else- 
where are  using  it,  and  at  the  down-town  station  in  New  York 
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it  has  been  at  work  for  the  past  six  years  successfully.  In  the 
recent  discussion  on  Professor  Forbes's  paper  several  points 
of  interest  concerning  the  Edison  underground  conductors 
were  explained,  which  it  would  be  unnecessary  for  me  here 
I  to  repeat.  A  full  description  of  the  latest  developments  of 
•w^  this  system,  with  samples  of  the  improved  form  of  conductors, 

h&c.,  are  now  on  the  ocean,  and  in  the  event  of  it  being  possible 
/  to  provide  another  evening  for  a  continued  discussion  of  this 
paper,  I  shall  be  most  happy  to  show  and  explain  them. 
Everyone  must  acknowledge  the  foresight  shown  in  devising 
i  such  a  complete  system  of  underground  mains  so  long  ago,  and 
\  which,  in    spite    of   the    all-round  developments  of  electrical 
f  engineering,  not  only  holds  its  own,  but  is   still  far  ahead  in 
completeness  of  any  system  for  low-tension  underground  work, 
f  The  Westinghouse   Company  have,  I  understand,  acquired  the 
rights  for  Great  Britain,  and  presumably  will  use  it  in  connection 
\    with    large    transformers    for    sub-centres.       It    may    be   also 
A  interesting  to  note  that  Messrs.  Siemens  have  made  concentric 
jr     three-wire  cables,  which  are  being  successfully  used  at  Elberfeld, 
^      Geneva,  and  Mulhausen,  and  they  state  that  the  troubles  from 
what  would  appear  very  complicated  jointing   have  been  satis- 
factorily overcome. 

It  is  underground  conductors  for  high-tension  currents  that  I 
propose  now  to  deal  with.    A  principal  point  for  consideration  is 
I       the  necessity  or  not  for  lead  sheathing  where  conduits  or  ducts 
are  employed. 

As  to  the  durability  of  lead  much  absurdity  has  been  talked. 

It  is  notorious  that  lead  pipes  have  been  in  the  ground  under  all 

manner  of  conditions,  and  at  the  end  of  long  periods  are  still 

intact.    There  are  no  doubt  certain  clayey  soils  where  lead  has 

not  much  lasting  power,  but  the  lead  may  be  materially  pre- 

i       served  by  coating  it  with  coal  tar,  well  tapeing  it,  and  again 

i        soaking  it  in  the  coal  tar  or  some  such  protective  composition. 

I        Again,  as  Dr.  W.  von  Siemens  recently  said  in  reply  to  Professor 

t         Forbes's  paper,  the  manner  in  which  the  lead  covering  is  generally 

put  on  such  cables,  viz.,  by  heating  the  lead  to  the  point  of 

melting,  and  forming  i^  in  this  condition  round  the  cable,  while. 
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passing  through  the  press.  There  is  no  certainty  of  a  uniform 
thickness,  and  it  is  very  difficalt  to  obtain  a  tube  through  ^wliich 
damp,  in  course  of  time,  will  not  find  an  entrance,  as  air  babbles 
and  impurities  in  the  lead  are  liable  to  make  the  covering  porous. 
A  far  better  result  is  obtained  by  covering  the  insulated  cable 
with  a  cold-drawn  lead  tube,  as  the  air  which  might  still  be 
contained  in  the  lead  block  is  compressed  to  a  minimum, 

A  theory  as  to  partial  wasting  of  lead  covering  on  oables  jb 
that  it  may  occur  from  acid  being  preseAt  in  the  jute  or  fibrous 
insulation,  or,  again,  that  the  petroleum  residuums  may  set  up  a 
chemical  action  on  the  lead;  but  there  has  not  been  much 
evidence  on  these  points.  Manufacturers  of  lead-covered  cables 
have  admittedly  put  on  too  thin  a  coating  of  lead  in  the 
earlier  days ;  this  has  been  gradually  increased,  and  with  proper 
conditions  and  precautions  there  should  not  be  much  fear  of  its 
durability. 

Iron-armoured  lead-covered  cables  are  not  necessary  if  an 
effective  system  of  conduits  is  used  for  mechanical  protection. 
In  Berlin,  where  such  cables  are  employed,  they  are  simply  laid  in 
a  trench  in  the  ground,  and  consequently  require  to  be  thoroughly 
protected  from  mechanical  injury.    Lead  alone  is  not  suificient. 

Dr.  Werner  v.  Siemens  said  in  his  recent  paper  that  long 
years  of  experience  had  taught  him  that  although  covered  with 
hemp  or  jute  it  requires  further  protection  to  render  it  secure 
against  mechanical  injury,  whether  by  men  or  animals,  as  even 
rats  eat  their  way  through.  Such  protection  is  afforded  by  a 
double  spiral  of  sheet  iron,  which,  again,  is  made  secure  against 
oxidation  by  asphalting  or  galvanising,  or  by  another  cover  of 
tarred  hemp  or  jute.  Such  armouring  as  this  is  quite  needless 
with  a  well-constructed  conduit;  but  as  to  whether  galvanic  action 
takes  place.  Dr.  Siemens  has  imdoubtedly  shown  by  his  firm's 
experience  that  with  a  substantial  layer  of  tarred  or  asphalted 
jute  between  the  metals  it  does  not  occur.  This  form  of 
armoured  cable  was  laid  at  Munich  for  lighting  the  theatre,  and 
after  nearly  five  years  in  the  ground  is  as  perfect  as  at  first. 
At  other  central  stations  at  Elberfeld,  Darmstadt,  Geneva,  Salz- 
burg, Lyons,  The  Hague,  St.  Petersburg,  their  iron-armoured  lead- 
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covered  cables  prove  that,  constructed  in  this  way,  there  need  be 
no  fear  of  galvanic  action  at  any  rate. 

Lead  sheathing  may  be  made  durable,  but  the  actual  necessity 
of  it  where  a  conduit  is  used  is  quite  another  matter,  and  a 
consideration  of  the  two  principal  divisions  of  insulating  material 
has  considerable  bearing  on  this  point. 

Of  the  fibrous  and  the  homogeneous  the  latter  seems  to 
present  some  important  advantages  for  insulating  high-tension 
cables.  For  instance,  vulcanised  rubber  is  flexible  and  tough,  and 
affords  a  continuous  and  homogeneous  covering  which  should  be 
superior  to  a  fibrous  covering.  Vulcanised  rubber  cables  are  at 
times  sheathed  with  lead  for  mechanical  protection,  but  such  is 
not  necessary  if  laid  under  good  mechanical  conditions,  and  Dr. 
Lant  Carpenter  recently  said  that  the  sulphur  in  the  vulcanised 
rubber  would  attack  the  lead  in  the  same  way  it  would  copper. 
If,  as  is  stated  by  many  English  cable  manufacturers,  compound 
vulcanised  rubber  will  well  withstand  the  deteriorating  effects  of 
damp  and  gases,  then,  the  mechanical  protection  being  afforded 
by  a  conduit,  the  necessity  of  lead  as  a  protector  is  no  longer  of 
importance.  It  is  true  unprotected  vulcanised  rubber  cables  in 
conduits  have  £sdled  in  the  States,  but  the  competition  among 
electric  light  companies  in  America  is  notorious,  and  the 
question  as  to  the  maintenance  of  cables  is  not  considered  so  much 
as  their  relative  first  cost.  The  object  of  the  American  cable 
manufacturers,  naturally  suiting  their  market,  has  been  to  make 
cables  with,  a  cheap  form  of  vulcanised  rubber  insulation  to 
compete  with  the  jute-insulated  cables  there,  and  which  are 
cheaper.  The  vulcanised  rubber  evidently  was  not  properly 
prepared  as  it  should  be  to  permanently  counteract  the 
deteriorating  effects  of  damp  and  gases  by  reason  of  the  expense. 

All  those  acquainted  with  the  rudiments  of  rubber  manu&o- 
tore  must  be  aware  of  the  enormous  difference  in  quality  of 
different  vulcanised  rubbers.  With  Para  rubber  at  3s.  per  lb., 
and  the  desire  to  sell  it  at  a  shilling,  all  manner  of  substitutes 
and  compounds  have  been  introduced.  While  thoroughly 
appreciating  the  energy  and  genius  of  American  electricians,  we 
can  confidently  say  that  cables  manu&ctuied  in  this  country  are 
VOL.  xvin.  25 
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greatly  superior  to  those  made  in  the  United  States ;  and  as  a^ 
basis  for  this  belief  we  have  the  fact  that  most  of  the  cables  for 
high-tension  distribution  in  the  States  have  proved  &nlty^ 
according  to  general  admittance,  while  there  is  undoubted 
evidence  of  the  successful  working  of  many  vulcanised  rubber  and 
jute  insulated  cables  in  this  country  and  in  Europe^  made  by 
English  manufacturers.  The  statement  is  made  by  the  Silvertown 
Go.y  Messrs.  Henley  &  Co.,  and  others,  that  they  are  absolutely 
prepared  to  guarantee  for  a  term  of  years  their  vulcanised  rubber 
cables  unprotected  by  lead,  even  if  laid  in  damp  and  leaky 
conduits,  provided  there  is  suitable  mechanical  protection  against 
injury,  and  that  the  cables  are  laid  under  competent  si^ervision. 

With  regard  to  fibrous  insulating  material,  it  is  alleged  that  it 
lias  the  defect  of  opening  cracks  when  bent.  If  this  be  the  case^ 
it  would  become  more  pronounced  when  the  material  is  soaked 
in  resinous  compound,  and  perhaps  less  so  when  petroleum 
residuums  are  used,  such  as,  for  instance,  in  ozite,  kerite,  bitite^ 
&c.  If  cracks  are  likely  to  be  formed  when  the  cable  is  bent 
or  twisted  about,  air  paths  would  be  opened  up  for  disruptive- 
discharges. 

In  the  working  directions  given  for  the  laying  of  one  of  the- 
principal  lead-covered  cables  in  the  States,  it  says :  "  The  fibrous 
"  material,  being  superdried,  will  readily  absorb  and  retain  moisture* 
*^£rom  the  air,  and  cables  showing  an  insulation  resistance   of 
"  thousands  of  megohms  when  first  made  may  after  exposure  of  a 
"  small  part  of  the  core  to  moist  air  for  a  few  hours  show  a  great 
"  falling  off  of  insulation  resistance."    Instructions  are  therefore 
given  as  to  carefully  sealing  the  ends  of  the  cable  when  laying* 
Again,  the  splicers'  hands  are  cautioned  to  be  kept "  perfectly  dry, 
^^  and  free  from  perspiration,  as  a  little  moisture  communicated 
*^  to  the  insulation  may  result  in  vastly  lowering  the  insulation 
"  resistance."    These  remarks  written  by  manufacturers  of  such 
cables  show  the  readiness  with  which  such  fibrous  insulation  maj 
deteriorate  under  conditions  likely  to  occur  even  if  there  be  the 
most  careful  supervision  of  the  men  laying  the  cables.    It  is 
acknowledged  to  be  absolutely  necessary  to  cover  jute  or  cotton 
insulated  cables  with  lead,  and  it  is  in  this  fact  that  the  weaknesB* 
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of  such  cables  seems  to  lie,  as  the  moisture-  and  gas-resisting 
portion  is  the  lead  absolutely,  the  jute  insulation  being  of  little 
value  in  this  respect.  Inasmuch  as  the  majority  of  under- 
ground cables  in  the  States  are  insulated  with  such  jute  or 
cotton  soaked  in  some  compound,  it  will  be  at  once  understood 
"Why  lead-covered  cables  are  considered  in  America  as  the  only 
means  for  successfully  carrying  out  such  underground  cable  work, 
especially  when  the  cables  are  liable  to  be  laid  in  leaky  conduits. 
It  is  right  to  say  that  apparently  few  troubles  have  been  ex- 
perienced in  Europe  with  imderground  conductors  insulated^with 
fibrous  material.  Messrs.  Siemens  &  Halske,  who  use  a  jute- 
covered  cable,  but  manuflEictured  in  a  different  way  both  as 
regards  the  impregnating  of  the  jute  and  the  method  of  cold- 
drawn  lead  sheathing,  have  a  successful  record,  not  only  for  low- 
tension  cables,  but  for  the  various  concentric  cables  supplied  to 
Messrs.  (xanz  &  Co.,  of  Buda-Pesth,  for  2,000-volt  alternating 
currents.  They  assert  that  the  troubles  experienced  with 
American  underground  cables,  whether  jute-  or  rubber-insulated, 
are  comparatively  unknown. 

The  question  between  what  I  broadly  term  lead-sheathed 
jute  or  well-compounded  vulcanised  rubber  seems  to  me  the 
momentous  one,  and,  as  usual,  each  one  has  certain  claims. 

It  is  well  known  that  the  cost  of  jute-insulated  cables  is  less 
than  that  of  high-class  vulcanised  rubber  insulation,  but  this 
would  have  little  weight  unless  they  can  be  proved  in  every 
respect  equal  to  vulcanised  rubber.  In  a  comparison  of  the 
different  costs  of  such  insulation,  vulcanised  rubber  appears  to 
be  about  25  per  cent,  more  for  approximately  the  same  insulation 
resistance.  In  making  this  comparison  I  took  the  cost  of  a 
vulcanised  rubber  cable,  insulated  with  one  layer  of  so-called 
pure,  and  two  coatings  of  vulcanised  rubber,  taped,  braided,  and 
coated  with  preservative  compound,  but  not  covered  with  lead,  as 
this  is  a  superfluity,  the  cable  being  water-tight  without  this 
addition.  The  jute-insulated  cable  I  took  as  cased  with  lead,  and 
protected  again  by  a  covering  of  tarred  jute  yam  compounded. 

After  the  relative  cost  comes  the  question  of  jointing ;  and  app 
this  is  one  of  the  most  vulnerable  points  in  any  cable,  it  is  i)f 
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vital  importance  that  the  joints  should  be  made  as  good  as  any 
other  part.  With  vulcanised  rubber  cables  the  joints  must  be 
vulcanised,  and  first-class  rubber  men  who  would  make  such 
joints  speedily  should  be  on  the  working  staff.  With  lead- 
covered  cables  a  plumber  would  have  to  be  employed,  and  I  sun 
imformed  by  those  who  have  had  experience  with  both  forms  of 
cables  that  the  vulcanising  is  preferable  to  the  plumbing. 

Vulcanised  rubber  cables  are  certainly  easier  to  handle,  being 
more  flexible,  ductile,  and  lighter,  and  this  is  of  importance  in 
view  of  the  difficulties  occurring  in  drawing  cables  in  and  out  of 
a  conduit. 

Again,  when  lead-covered  cables  are  coiled  round  a  drum  the 
part  nearest  the  centre  becomes  compressed,  while  the  outer 
portion  is  extended ;  on  uncoiling  the  cable  the  opposite  effect 
is  produced,  the  parts  before  compressed  being  now  pulled  oat, 
and  the  extended  portion  compressed.  This  is  trying  to  an 
inelastic  substance  like  lead,  the  more  so  when,  unlike  an 
empty  lead  pipe  for  water,  it  is  filled  with  an  insulated  cable. 
It  is  quite  conceivable  that  the  surface  of  the  lead  may  be 
slightly  broken  up,  particularly  when  the  method  employed  is  to 
cover  the  lead  hot  round  the  cable ;  and  although  no  cracks  may 
be  visible  to  the  eye,  gas  and  moisture  will  find  their  way  in  very 
quickly,  with  corresponding  deterioration  of  the  insulation. 

Next,  as  to  whether  jute  or  vulcanised  rubber  is  better  suited 
for  insulating  high-tension  alternating  cables  no  opinion  can  yet 
be  given.  It  is  well  known  that  on  submarine  cables  working 
with  reversed  currents,  it  is  usual  at  times  to  give  the  cable  a 
rest.  This  necessity  may  be  due  to  the  action  of  the  reversed 
current  on  the  insulation,  and  it  would  be  interesting  to  know 
how  the  much  more  powerful  currents  and  rapid  reversals  of  an 
electric  light  circuit  will  affect  the  insulation  of  a  cable  after 
carrying  such  currents  for  a  considerable  period.  In  some 
interesting  papers  published  last  year  by  Mr.  Addenbrooke,  he 
came  to  the  conclusion  that  a  high-tension  alternating  current 
should  have  less  effect  on  any  dielectric  than  a  continuous  current 
of  the  same  potential.  He  argued  that,  owing  to  the  rapid  alter- 
nations, there  would  not  be  sufficient  time  to  fully  charge  the 
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dielectric,  as,  before  this  could  occur,  the  next  charge  would 
sweep  out  the  former  charge,  partially  recharging  it  in  the 
opposite  direction.  But  it  would  certainly  appear  that  such  an 
action  as  this  on  a  dielectric  would  be  far  more  injurious  than  for 
it  to  be  kept  in  a  fully  charged  condition  as  with  a  continuous 
current. 

From  a  careful  review  of  what  I  have  seen  in  the  States  and 
elsewhere,  I  must  confess  that  my  own  feeling  is  in  &vour  of  a 
cable  insulated  with  thoroughly  good  vulcanised  rubber  for  high-- 
tension work ;  and  I  was  interested  to  hear  Sir  William  Thomson 
say  on  Monday,  at  the  Board  of  Trade  inquiry,  that  if  high-tension 
conductors  were  protected  in  an  iron  pipe  a  lead  sheathing  to  them 
was  not  essential. 

Those  acquainted  with  the  present  manufacture  of  rubber 
cables  know  that  pure  rubber  proper  is  not  used  for  their  insula- 
tion. However  good  the  rubber  may  be,  there  is  always  a  certain 
amount  of  impurity  and  oils,  which  will  set  up  decomposition 
sooner  or  later.  This  is  overcome  by  slightly  vulcanising  the 
rubber,  but  so  that  there  shall  be  no  surplus  sulphur  to  attack 
the  copper.  In  the  high-class  cables  now  made  by  the  Silvertown 
Company  and  others  the  practice  is  to  put  next  the  conductor 
after  cotton  twist  a  substantial  coating  of  pure  india-rubber, 
slightly  vulcanised,  upon  this  a  coating  of  zinc  rubber,  with  vul- 
canising materials,  and  covering  this  a  compound  vulcanised 
rubber  of  great  resisting  qualities  to  damp  and  gases.  The  zinc 
rubber  takes  up  the  surplus  vulcanising  material  of  its  two  outer 
coverings,  so  that  the  copper  cable  is  not  injured  by  the  sulphur 
used  in  the  process.  Such  an  insulation  as  this  is  as  good  as 
could  possibly  be  desired  for  any  high-tension  currents,  and  is 
absolutely  perfect  so  long  as  the  covering  is  continuous ;  and  as 
the  whole  of  the  materials  are  treated  at  a  temperature  of  400^, 
any  rise  in  temperature  of  the  conductor  due  to  accidental  over- 
loading will  not  injure  the  insulation.  With  regard  to  the  outer 
protection  of  the  compound  vulcanised  rubber,  there  may  be  still 
scope  for  further  improvement ;  and,  for  instance,  in  the  cables 
recently  made  by  the  Silvertown  Company  for  the  London  Electric 
Supply  Corporation,  two  braidings  of  asphalted  tape  have  been 
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used,  and  this  is  found  to  be  satis&ctory.  Among  the  instances 
where  vulcanised  rubber  cables  have  stood  stringent  tests  has 
been  at  Eastbourne,  where  Mr.  Lowrie  has  used  Silvertown  cables, 
laid  in  iron  pipes,  for  two  years,  and  states  they  are  still  in  perfect 
working  order.  He  has  also  put  down  there  a  length  of  Fowlei^s 
Tatham  lead-covered  cable  for  continuous-current  high-tensioa 
work,  the  fibrous  insulation  being  well  wrapped  round  several 
times  with  tape.  This  has  also  been  working  successfully ;  and  in 
the  House-to-House  Company's  station  he  proposes  to  try  each 
method  of  insulation  on  different  circuits,  although  the  advantages 
of  handling  the  india-rubber  cables  are  in  their  favour. 

The  Silvertown  Company  have  five  miles  of  vulcanised  india- 
rubber  insulated  cable  sheathed  with  iron  wires  at  Brussels,  with 
1,400  volts  constant  current.  This  was  laid  in  the  sewers  two 
years  ago,  and  is  now  quite  satisfactory. 

This  company  have  also  supplied  two  miles  of  such  cable,  but 
with^phalted  tape  on  the  outside,  to  the  London  Electric  Supply 
Corporation,  with  2,400  volts  alternating  current ;  the  conductors 
being  laid  in  an  iron  pipe. 

There  are  also  samples  on  the  table  of  a  piece  of  Messrs. 
Henley's  vulcanised  rubbef^ble  that  has  been  in  use  overhead 
for  ten  years. 

A  difficulty  with  imderground  conductors  in  the  States  seems 
to  be  disruptive  discharges,  and  I  trust  the  discussion  may  bring 
forth  information  on  this  subject.  Owing  to  the  frequent  punc- 
turing of  the  insulation,  attended  with  pinholes  in  the  lead 
covering,  Mr.  Acheson,  the  Waring  Company's  able  electrician, 
and  whom  I  desire  heartily  to  thank,  turned  his  attention  to 
the  matter,  as  the  pinholes,  by  admitting  moisture,  defeated  the 
object  of  the  lead  sheathing,  and  proved  fatal  to  the  life  of  the 
cable. 

Mr.  Acheson's  theory  is  that  the  static  electricity  generated 
in  the  cable  after  a  time  punctures  the  dielectric  by  discharging 
itself  between  the  copper  conductor  and  the  lead  sheathing;  and 
the  protector  shown  on  the  diagram  (Fig.  12)  is  designed  to  obviate 
this.  ^  T 

mi   •  •    .  t*    .  ,     %\»  •      .  niniri7Pd  h\/-VaOOQ,l,^ 

This  consists  of  two  metaUic  pomts  separated  by  a  distance 
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which  is  less  than  the  thickness  of  the  cable  insulation.  The  one 
point  is  connected  to  the  lead  sheathing,  and  the  other  through 
^  fuse  wire  to  the  copper  conductor;  the  idea  being  that  the 
-static  discharge  would  take  the  shorter  path  between  the  points 


Fig.  12. 

instead  of  rupturing  the  insulation.  Mr.  Acheson  says  these 
•dischargers  should  be  placed  at  evjery  section  of  a  cable,  and  if 
the  sections  are  more  than  200  feet  long  there  should  be  one  at 
-each  end. 

To  show  the  exceedingly  minute  path  necessary  for  a  dis- 
-charge,  it  may  not  be  out  of  place  to  quote  Mr.  Acheson's 
experiment.  A  plate  of  glass  about  one-tenth  of  an  inch  thick 
was  broken  in  two  pieces,  and  the  two  parts  immediately  fitted 
to  their  former  position  and  clamped.  The  restored  plate  was 
placed  between  two  discharging  points,  and  so  long  as  the  points 
were  over  the  solid  glass  no  discharge  was  obtained ;  but  upon 
removing  it  so  that  the  line  joining  the  points  would  lie  in  the 
plane  of  the  fracture,  a  discharge  immediately  occurred. 

A  possible  cause  of  a  disruptive  discharge  might  be  that  on 
high-tension  circuits  of  gr^iit  self-induction,  as,  for  instance,  on 
Arc  Ughting  circuits  where  lamp  coils  form  part  of  the  line,  the 
induced  current  on  breaking  the  circuit  is  very  violent,  and  in 
preference  to  discharging  through  the  line,  and  consequently  the 
lamp  coils,  it  gets  away  by  rupturing  the  weak  insulation,  and 
passing  through  to  the  outer  earthed  casing. 

The  exemption  from  such  trouble  is  credited  by  many  entirely 
to  a  thicker  insulation  being  used,  and  in  calculating  the  insula- 
tion for  a  high-tension  cable  it  should  be  made  sufficient  to 
withstand  a  disruptive  discharge  of  this  nature,  and  tested 
accordingly.  For  instance,  owing  to  the  almost  daily  occurrence 
of  bum-outs  with  some  cables  in  Chicago  with  ^^  insulation,  laid 
in  November,  1887,  the  four  miles  laid  in  December,  1887,  had  j^.j 
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insulation,  and  the  two  miles  laid  early  in  March,  1888,  have 
^^  insulation.  Careful  experimental  work  is  essential,  before  the 
sufficiency  of  insulation  for  such  underground  cables  can  be 
accurately  determined,  and  our  leading  cable  manufacturers 
naturally  keep  the  results  of  such  experiments  to  themselves. 

Concentric  cables,  although  so  extensively  used  by  Messrs. 
Ganz,  of  Buda-Pesth,  in  their  stations,  do  not  appear  as  yet  to 
have  met  with  favour  in  the  States.  It  is,  of  course,  undesirable 
to  use  ordinary  lead-covered  cables  for  alternating  currents,  both 
on  account  of  the  loss  from  induced  currents  in  the  lead  sheath- 
ing and  the  annoyance  to  workmen  handling  them.  K,  for 
instance,  while  handling  a  conductor  conveying  such  a  current, 
the  lead  covering  be  insulated  to  any  extent  on  each  side  of 
them,  the  workmen  would  receive  the  induced  currents  through, 
their  bodies.  Again,  when  the  two  legs  of  an  alternating  current 
are  in  separate  cables,  and  the  cables  laid  in  insulating  materials,, 
any  chance  contact  or  connection  between  the  leads  might  cause 
the  induced  currents  to  pass  backwards  and  forwards  at  these 
points,  thus  tending  to  cut  away  the  lead  covering  as  the  result 
of  any  sparking  at  poor  contacts  between  the  two  leads.  The 
Waring  anti-induction  cable,  with  both  wires  enclosed  in  one 
sheathing,  is  well  known,  and  in  this  the  currents  induced  by 
both  wires,  being  equal  in  power  and  opposite  in  direction,  tend  to 
neutralise  one  another. 

Mr.  Ferranti,  by  employing  concentric  cables  for  conveying 
the  high-tension  currents  from  Deptford  Station,  has  brought  such 
cables  into  prominent  notice  in  England.  A  concentric  cable  is 
obviously  the  best  on  theoretical  grounds  for  the  elimination  of 
induced  currents,  as  their  reaction  upon  one  another  is  necessarily 
strongest  in  the  axis  of  the  current.  The  question  as  to  the 
necessity  of  insulating  the  outer  conducter  of  the  concentric 
cable  has  recently  had  considerable  attention  given  to  it  by  JMr.- 
Preece  on  behalf  of  the  Post  Office  authorities,  and,  as  a  result  of 
his  experiments,  they  evidently  must  be  so  insulated.  All  the 
concentric  cables  made  by  Messrs.  Siemens  &  Halske  for  Messrs* 
Ganz  &  Co.  are  of  the  usual  stranded-wire  form,  and  the  outside 
conductor,  after  being  well  insulated  with  jute,  is  covered  with  a 
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€old-drawn  lead  tube,  having  an  outer  iron  armouring  as  pre- 
viously described.  These  cables  have  been  successfully  used  in 
Kome,  Tivoli,  Turin,  and  Milan,  in  each  case  carrying  a  potential 
of  2,000  volts. 

The  dijfficulty  of  making  satisfactory  joints  with  concentric 
cables  must  be  to  a  certain  extent  against  them,  as  it  is  im- 
possible to  see  what  has  been  done  inside.  Messrs.  Siemens  say 
that  it  can  be  readily  accomplished,  and  the  illustration  shows 
the  manner  in  which  the  joints  are  made  in  their  cables.  The 
Silvertown  Company  have  made  several  forms  of  concentric 
cables,  highly  insulated  with  vulcanised  rubber,  with  considerable 
success,  for  ship  work,  and  they  also  have  an  arrangement  for 
constructing  the  joints. 

As  to  whether  concentric  cables  will  be  largely  used  in  this 
country,  much  depends  upon  the  system  of  distribution  employed. 
For  long  lengths  of  cable  used  as  feeders  to  sub-centres,  or  to 
systems  of  distributing  mains,  they  would  be  of  considerable 
ndvantage,  as  no  joints  would  be  required  en  route;  but  in 
house-to-house  distribution,  with  frequent  joints,  a  pair  of  separate 
cables  near  to  each  other  would  appear  the  more  easy  to  handle 
and  the  more  practicable  to  operate.  In  summing  up  this  matter 
it  would  appear  that  the  relative  advantages  are  as  follows: — 
1st.  The  greater  convenience  of  making  joints  on  separate  leads, 
as  against  the  trouble  involved  with  concentric  cables.  2nd.  As 
regards  the  relative  cost  between  two  separate  cables  and 
concentric  cables  with  the  same  insulation  resistance,  vulcanised 
rubber  unsheathed  concentric  cables  with  outside  insulation  are 
dearer,  but  with  jute  insulation  for  concentric  cables  and  lead 
sheathing  they  are  cheaper.  3rd.  There  remains  the  increased 
efficiency  on  an  extensive  system  of  alternating  currents  by  the 
use  of  the  concentric  form. 

With  regard  to  the  second  point,  the  figures  showing  these 
are: — 

For  vulcanised  rubber,  two  Silvertown  f  J  conductors,  insulated 
to  5,000  megohms  at  60^  Fah.,  taped  and  braided  over  all, 
specially  prepared  for  underground  work,  £255  per  mile  each  =: 
£510.  -  ^ 
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A  concentric  conductor  of  equivalent  capacity,  the  internal 
conductor  insulated  to  5,000  megohms,  as  above,  but  the  outer 
to  3,000  only  =  £900,  being  a  difiference  against  the  concentric 
conductor  of  £390  per  mile.  If  the  outer  insulation  is  reduced 
to  1,500  megohms,  the  price  falls  to  £630  per  mile,  which  is  £120 
above  the  cost  of  separate  leads. 

On  the  other  hand,  for  Messrs.  Siemens's  specially  prepared 
jute  insulation  two  single  conductors  of  same  insulation,  at  £220 
per  mile  each  =  £440. 

A  concentric  conductor  of  equivalent  capacity,  the  outside 
insulated  to  900  megohms,  lead-sheathed,  taped,  and  asphalted, 
£363  per  mile. 

All  cables  for  high-tension  currents  should  be  well  tested 
before  leaving  the  fectory.  In  other  branches  of  engineering  the 
engineer  would  not  think  of  receiving  his  steam  or  hydraulic 
pipes  without  first  seeing  them  tested  to,  say,  over  twice  their 
working  pressure;  it  is  not  sufficient  for  him  to  see  simply  that 
they  will  hold  water  or  steam,  but  he  must  satisfy  himself  that 
they  are  strong  enough  for  the  pressure  they  have  to  carry.  In 
the  same  way  the  electrical  conductors,  which  have  to  transmit 
energy  much  as  the  steam  and  hydraulic  pipes  do,  should  be 
tested  to  twice  their  working  pressure.  With  the  outside  well 
earthed  the  current  should  be  allowed  to  traverse  the  conductor 
a  considerable  time,  and  an  electrical  test  taken  afterwards  for 
insulation.  With  electrical  cables  for  underground  work  passed 
in  this  way,  and  satisfactory  in  other  respects,  there  should  be  no 
fear  of  breakdowns  under  ordinary  conditions. 

In  dealing  with  a  subject  of  such  wide  extent  and  great  im- 
portance as  this  it  is  impossible  to  do  justice  to  all  the  workers 
in  the  field.  I  have  left  out  much  that  may  be  considered 
interesting  and  important,  but  the  difficulty  has  been,  with  the 
mass  of  information  on  the  subject,  what  to  put  in  and  what  to 
leave  out.  Doubtless  there  are  many  instances  of  cables  and 
conduits  having  been  successfully  at  work  which  have  not  been 
mentioned  in  this  paper,  and  I  hope  such  information  will  be 
forthcoming.  If  the  discussion  following  be  the  means  of  clearing 
up  some  of  the  doubtful  points  surrounding  the  subject  of  under- 
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^ound  electrical  work,  and  of  demonstrating  the  direction  in 
whidi  successful  work  should  be  undertaken,  the  object  of  this 
paper  will  be  fully  accomplished. 

The  Chairman  :  Although  Mr.  Verity  is  unfortunately  absent,  ^^^^ 
his  assistant,  Mr.  Girdlestone,  is  here,  and  will  answer  any  ques- 
tion that  he  can ;  though,  of  course,  the  main  body  of  questions 
that  arise  in  the  discussion  will  be  dealt  with  by  Mr.  Verity  in  his 
reply,  which  will  be  published  in -the  Journal. 

I  now  invite  discussion  or  comment  upon  the  paper.  There 
are  representatives  of  the  Silvertown  Company,  and  probably  of 
other  cable  manufacturing  firms,  present,  and  no  doubt  they  are 
desirous  of  saying  something  on  the  subjects  concerning  them 
which  have  been  referred  to  in  the  paper. 

Mr.   W.  E.  GrBAY :    I  have  listened   with   pleasure  to   the  Mr.  w.  e. 

^  Gray. 

interesting  paper  we  have  had  this  evening,  and  agree,  with 
regard  to  the  cables,  with  Mr.  Verity  on  many  of  the  points  he 
has  raised ;  but  as  this  question  of  underground  cables  has  so 
recently  been  discussed,  I  do  not  think  I  have  anything  to  add 
at  present  which  might  be  of  interest. 

Mr.  Verity  appears  to  consider  it  to  be  a  question  as  to 
whether  lead-covered  or  vulcanised  india-rubber  cables  are  the 
best.  Naturally  I  believe  in  vulcanised  rubber,  but  would  prefer 
not  touching  on  this  matter  now,  but  leaving  it  to  be  discussed 
by  others. 

As  to  conduits,  Mr.  Hurlbert's  idea,  judging  from  his  flexible 
joint,  appears  to  be  to  prevent  moisture  getting  in.  It  seems  to 
me  that  any  system  laid  underground  which  is  dependent  upon 
the  conduit  itself  excluding  moisture  [would  be  a  faulty  one. 
On  such  a  matter  we  might  appeal  to  the  Post  Office  for  their 
experience  in  laying  wires  underground,  or  to  the  gas  companies. 
I  believe  that  hitherto,  in  spite  of  the  ingenuity  of  many 
inventors  and  improvers,  it  ha3  been  found  impossible  to  keep 
moisture  out,  or,  at  all  events,  moisture  to  such  an  extent  as 
would  materially  affect  any  question  of  electrical  insulation.  It 
should  be  borne  in  mind  that  very  little  moisture  in  a  fibrous 
material  might  easily  constitute  a  serious  fault,  owing  to  failure  in 
insulation;  and  however  good,  mechanically,  the  idea  may  be,  stilt  I 
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Hr.  w.  E.  think  that,  if  the  insulation  depends  on  the  flexible  coupling  or 
joint  remaining  water-tight,  it  is  rather  leaning  on  a  broken  reed. 

Mr,  Verity  refers  to  the  work  done  by  the  Western  Union 
Company.  I  have  only  a  slight  knowledge  of  what  has  been 
done  by  them,  but  understand  that  the  conclusion  they  have 
arrived  at  is  that  New  York  is  built  upon  an  exceptional  soil,  in. 
which  there  are  many  free  gases  and  oils,  and  that  the  trouble 
they  have  had  is  in  a  great  measure  to  be  attributed  to  thia 
cause.  For  this  reason  it  has  been  proposed  that  the  insulated 
cable  should  be  covered  with  lead,  the  insulation  to  be  used 
being  vulcanised  rubber.  In  speaking  on  this  point  it  should  be 
borne  in  mind  that  when  in  America  the  word  "  rubber  "  is  used^ 
in  many  cases  "  pure  rubber  "  is  meant,  and  not  always  vulcanised 
rubber,  as  Mr.  Verity  appears  to  have  understood  it. 

Eeference  has  been  made  to  the  "Johnstone  conduit."  In 
the  very  interesting  discussion  at  the  Chicago  Convention, 
Mr.  Johnstone  spoke  of  this  conduit  as  a  success.  JSIr.  De  Camp, 
I  think  it  was,  did  not  seem  to  think  that  this  success  (at  least 
in  Philadelphia)  was  very  marked,  as,  when  the  conduit  was  taken 
over,  it  was  found  to  have  been  broken  up  in  many  places,  and 
there  appeared  to  be  a  difiFerence  of  opinion  between  the  contractor 
and  the  working  company.  I  do  not  know  if  Mr.  Johnstone  has 
made  any  recent  improvements  since  then,  but  the  results 
obtained  were  reported  as  hardly  satisfactory. 

The  curb  and  gutter  conduit  appears  to  be  substantial  and  good, 
if  the  expense  of  relaying  the  pavements  could  be  incurred.  In 
the  City  of  London  and  other  large  cities  this  expense  would  be 
enormous;  and  it  is  improbable  that  to  have  the  cables  put  under- 
ground, the  authorities  would  consent  to  have  the  streets  pulled 
up  to  any  great  extent,  otherwise  the  idea  would  appear  to  be 
good  and  workmanlike. 

With  regard  to  Mr.  Irish's  conduit,  is  the  idea  to  keep  the 
conduit  water-tight  ?     If  so,  I  think  that  it  is  a  mistaken  one. 

The  Doulton  pipe  conduit  has  a  nice  appearance ;  but  conduits 
cannot  always  be  laid  at  any  great  depth  in  cities,  and  there 
would  be  a  great  risk  of  their  being  crushed  by  heavy  traffic. 
In  addition  to  this,  as  Mr.  Verity  says,  they  have  the  serious 
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objection  that  the  pipes  require  to  be  broken  to  put  in  a  branch  Mr.  w,  e. 
joint ;  the  system  therefore  appears  to  be  hardly  practical. 

I  am  very  much  interested  in  hearing  of  the  success  that 
Messrs.  Siemens  &  Halske  claim  for  their  cold-drawn  lead-covered 
cables,  and  think  that  the  electric  lighting  community  is  much 
indebted  to  Messrs.  Siemens  for  the  way  in  which  they  have  tried  to 
make  electric  light  cables  cheap,  and,  as  they  claim,  good.  The 
vulcanised  india-rubber  cables  are,  in  some  cases,  not  so  cheap, 
but  I  believe  them  to  be  better;  this  is,  however,  a  matter  of 
opinion,  which  must  be  left  to  be  decided  by  time, 

I  have  to  thank  you,  Mr.  Chairman,  for  the  opportunity  you 
have  given  me  of  making  these  few  remarks. 

The  Chairman  :  Of  course  you  have  to  remember  that  Mr.  ^^^^ 
Verity  commenced  his  paper  by  making  the  statement  that  over- 
head wires  would  certainly  soon  have  seen  their  last  day.  I  do 
not  think  he  is  quite  right,  and  it  is  open  to  any  members  to 
consider  whether  in  London  we  ought  to  go  in  for  underground 
or  overhead  wires.  The  paper  is  not  merely  on  conduits,  but  also 
on  electrical  conductors,  which  is  a  very  important  question  in  the 
lighting  of  new  towns. 

Mr.  A.  P.  Trotter:  It  has  been  objected  that  lead-covered  Mr.  Trotter, 
cables  may,  and  sometimes  do,  deteriorate  when  placed  under- 
ground, becoming  carbonated,  or  otherwise  decomposed ;  but  it  is 
well  known  that  a  considerable  number  of  specimens  of  lead  pipes 
have  been  found  which  have  been  put  down  by  the  Romans, 
These  pipes  have  sufiFered  little  or  no  deterioration,  and  the  reason 
undoubtedly  is  that  they  were  not  composed  of  pure  lead,  but  of 
an  alloy.     Unrefined  lead  contains  antimony,  tin,  and  silver,  all  of 
which  tend  to  harden  the  crude  metal,  and  such  an  alloy  would 
doubtless  resist  the  corroding  action  better  than  the  lead  of  com-    { 
merce,  which  is  often  nearly  pure.     The  nature  of  the  soil,  and  of    \ 
the  water  in  it,  exerts  powerful  influences  on  the  character  and    \ 
the  extent  of  the  chemical  changes.     The  extreme  pliability  of     \ 
pure  lead  is  not  required ;  and  if  a  suitable  alloy  will  better  resist      ^ 
corrosion,  a  slight  increase  of  hardness  would  be  no  disadvantage, 
provided  that  it  allows  the  tube  to  be  drawn  through  dies,  foryit 
is  obvious  that  the  old  method  of  coating  the  insulated  conductor 
with  molten  lead  was  certain  to  produce  pinholes  and  other  flaws. 
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Mr.  Trotter.  The  use  of  the  lead  pipe  should  be  to  keep  the  instdator 
thoroughly  dry,  and  to  protect  it  from  mechanical  injury.  The 
insulator  need  not,  therefore,  be  expensive,  as  no  rubber  need  be 
used.  Lead-covered  cables  received  very  severe  tests  before  the 
Admiralty  allowed  them  to  be  used  in  ship  work,  for  which  they 
are  very  well  suited.  If  a  lead-covered  conductor  could  be  laid 
simply  in  the  earth,  protected,  perhaps,  by  a  board,  the  expense  of 
the  complicated  and  costly  subways  and  conduits  might  be  avoided, 
and  this  would  allow  a  good  deal  more  to  be  expended  in  makings 
a  thoroughly  sound  conductor.  It  would  be  a  great  convenience- 
if  such  leads  could  be  plastered  into  the  walls  of  newly  built 
houses,  but  pure  lead  is  rapidly  corroded  by  calcic  sulphate  in  the 
presence  of  moisture. 

8i!ooibrcd  ^^'  "^^  ^'  Shoolbred  :  In  the  following  remarks  on  this  very 

interesting  pa^r,  I  wish  to  touch,  not  so  much  on  the  electrical 
merits  of  the  various  conductors,  as  on  the  mechanical  contrivances 
and  the  conduits  which  Mr.  Verity  has  presented  to  us. 

The  first  question  that  presents  itself  to  the  minds  of  many 
— and  it  certainly  does  to  myself — is  whether,  in  the  central 
portion  of  the  average  of  towns,  such  as  we  meet  with  in  this 
country,  a  continuous  conduit  is  possible.  My  own  experience 
would  lead  me  certainly  to  answer  the  question  in  the  negative, 
considering  the  number  of  main  pipes  that  are  running  longitu-  . 
dinally  under  the  causeways  or  pavements— gas,  water,  telegraph, 
and  telephone  pipes — ^and  then,  again,  the  transverse  services  that 
go  into  the  houses,  with  their  valves  often  at  different  levels. 
There  are  also  the  lamp-posts  that  project  inside  the  kerbstone, 
often  requiring  the  cables  to  go  outside  under  the  roadway. 
Taking  all  these  things  into  consideration,  one  may  be  very  for- 
tunate in  some  cases  if  a  length,  on  an  average,  of  20  ft.  of  any. 
thing  like  a  direct  line  on  the  horizontal  can  be  got  for  the  cables. 
The  differences  of  level  are  very  considerable,  and  often  succeed 
each  other  very  abruptly ;  the  cables  coming  across  large  pipes 
and  small  pipes,  and  having  to  thread  in  between  pipes  where 
only  2  or  3  in.  clearance,  in  level,  occur  between  them.  A 
case  was  brought  to  my  notice,  some  time  ago,  where,  in  cross- 
ing a  brook  which  was  covered  in,  there  were  eighteen  cables^ 
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many  of  them  as  much  as  2  to  3  in,  in  diameter,  and  these  g^ioibred 
were  passed  eventually  in  a  trough;  the  whole  space  available 
being  about  2  ft.  6  in,  wide,  and  only  5  in,  deep.  There  are 
perhaps  a  few  towns  where  it  may  be  possible  in  the  suburbs ; 
but,  judging  from  the  difficulties  that  one  sees  and  hears  of,  I 
fancy  the  conduit  has  yet  to  be  devised  that  will  afford  a  good 
and  regular  protection  for  the  conductors. 

With  regard  to,  some  of  the  conduits  that  Mr.  Verity  has 
brought  before  us.  In  the  first  place,  there  is  his  own  conduit, 
which,  I  understand,  is  a  solid  block  of  earthenware  with  longi- 
tudinal circular  perforations  or  tubes  running  through  it  for 
naked  copper  conductors  to  pass  along.  The  surface  of  these 
tubes  being  of  glazed  earthenware  would  tend  to  condense 
moisture  and  become  practically  small  sewers  for  the  passage  of 
water:  the  effect  of  this  moisture  upon  the  naked  conductors 
would  certainly  not  conduce  to  improve  the  state  of  the  in- 
sulation. 

Then,  again,  with  regard  to  Mr.  Irish's  conduit.  It  may 
answer  its  purpose,  possibly,  in  some  places ;  but  there  is,  I  think^ 
one  nearly  insuperable  objection  on  the  part  of  the  local  authori- 
ties that  Mr.  Irish  would  meet  with,  viz.,  the  use  of  a  continuous^ 
iron  cover-plate  along  the  pavement.  Municipal  bodies  object  very 
strongly  to  iron  plates  being  multiplied  in  their  pavements ;  they 
say,  and  I  think  very  fairly,  that  iron  plates  become  slippery,  and 
cause  many  accidents  to  foot-passengers. 

With  regard  to  the  Doulton  conduit,  I  am  afraid,  as  has  been 
pointed  out  by  Mr.  Verity  himself,  and  also  by  3Ir,  W.  E.  Gray, 
that  it  consists  of  perishable  materials,  liable  to  cause  fractures  in 
the  pipe  itself,  or  else  at  the  joints.  Besides,  if  the  joints  are 
good,  and  are  made  with  good  cement,  the  pipes  will  have  to  be 
broken  whenever  new  connections  are  required ;  or,  if  the  joints 
are  not  good,  then  leakage  will  occur  at  them.  So  that  I  doubt 
very  much  if  such  a  conduit  would  prove  by  any  means  an  efficient 
or  economical  mechanical  protection. 

To  my  mind  the  main  and  most  important  question  to  con- 
aider — and  it  is  one  that  must  be  the  outcome  of  experience,  from 
which  we  have  yet  a  great  deal  to  gather — ^is  whether  a  conduit j)t 
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3ir.  any  length  at  all  can  really  be  relied  upon.    Even,  for  instance^ 

at  Kensington,  where  the  streets  are  comparatively  open,  I  do 
not  suppose  that  anything  like  a  100  yards  of  straight  run  can  be 
obtained  for  the  brick  conduits  that  Mr.  Grompton  advocates  so 
strongly,  with  naked  copper  conductors.  Mr.  Grompton  himself 
has  stated  that  he  has  had  to  have  recourse,  at  intervals,  to 
ordinary  cables.  Side  streets,  which  cause  these  interruptions, 
occur  much  more  frequently,  as  a  rule,  than  at  every  100  yards. 

Another  very  important  point  has  attracted  the  attention  of 
many  persons,  and  was  pointed  out  very  strongly  in  this  room  by 
General  Webber  some  time  back,  but  which  is  often  overlooked, 
viz.,  that  the  cable  should  be  accessible  throughout  its  entire 
length  with  great  facility.  If  it  is  put  into  a  protecting  conduit 
which  is  difficult  to  get  into,  that  conduit  will  have  to  be  broken 
into,  at  considerable  expense,  in  order  to  get  at  the  conductor  to 
make  side  connections,  or  to  remedy  defects. 

These  points  lead  me  to  think  that  under  most  circumstances, 
and  in  the  busy  parts  of  towns,  a  cable  that  is  perfectly  sheathed, 
and  able  to  take  care  of  itself,  placed  underground,  best  meets 
with  the  requirements  and  difficulties  of  laying,  and  at  the  same 
time  complies  with  the  other  question  of  accessibility  for  jointing, 
or  for  whatever  else  you  may  want,  throughout  its  entire  lengtlu 

Mr.  Ewkine.  Mr.  R.  S.  Erskine  :  With  reference  to  Kensington  Court,  it 
may  be  useful  if  some  information  is  given  with  regard  to  our 
conduits  there.  It  has  been  remarked  that  we  have  difficulty  in 
getting  a  considerable  straight  length.  The  longest  run  we  have 
actually  at  work,  without  a  break,  at  the  present  time  is  800 yards; 
we  go  perfectly  straight  along.  We  have  recently  laid  down 
another  length  of  400  yards,  and  in  that  case  we  certainly  came 
across  one  pipe  which  was  rather  awkward,  but  we  had  that 
removed  to  one  side.  The  great  advantage  of  working  under 
the  Electric  Lighting  Act  is  that  one  gets  power  to  ask  the 
water  company — ^at  our  expense,  of  course — ^to  move  their  pipes, 
as  also  the  gas  and  other  companies,  if  they  come  in  the  way  bo 
as  to  interfere  with  the  working  of  the  system  ;  so  that  if  it  does 
not  interfere  with  the  water  company  at  all  to  move  their  pipe 
18  in.  on  one  side  or  the  other,  we  can  get  it  done.    If  their 
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pipes  cross  ours  at  an  awkward  level,  we  can  get  them  lowered  Mr.  Enkinc. 
or  raised,  as  the  case  may  be;  and  so  almost  always,  provided 
there  are  no  cellars  coming  up  to  the  pavement,  we  can  get  a 
straight  line  down  the  street.  The  only  cases  in  which  we  get 
interfered  with  in  our  culvert  are  where  the  cellars  have  been 
built  very  nearly  up  to  the  pavement,  and  that  is  very  seldom. 
In  such  cases  we  put  in  2-in.  iron  pipes  and  take  cables  through 
until  we  get  more  space,  and  then  we  start  the  culvert  again. 
We  have  tried  two  or  three  dififerent  sorts  of  iron  pipe,  and  have 
come  down  to  the  2-in.  owing  to  the  ease  with  which  we  can 
put  them  all  on  one  level,  or  we  can  put  them  one  above  another, 
according  to  the  arrangement  of  the  pavement.  We  do  not 
trouble  very  much  about  the  joints  being  water-tight,  because  we 
find  that  condensation  takes  place  in  the  iron  pipes  to  such  an 
extent  that  it  really  does  not  matter  whether  the  water  gets  in 
from  the  outside  or  not.  In  fact,  under  a  pavement  you  very 
seldom  get  any  leakage  through  joints,  because  the  pavement 
itself  is  made  water-tight,  and  so  you  are  protected.  In  the  case 
of  big  pipes  under  the  roadways,  if  they  have  to  be  used,  they 
very  likely  have  to  dip  down,  and  we  find  that  water,  no  matter 
how  careful  we  are,  will  always  collect  at  the  lowest  point ;  and  in 
some  cases  we  have  left  an  open  joint  to  let  the  water  drain  away 
into  the  ground. 

Mr.  J.  N.  Shoolbred:  May  I  ask  a  question  before  Mr. 
Erskine  sits  down  ?  I  think  he  has  misunderstood  my  allusion 
to  Kensington  Court,  unless  I  have  misunderstood  Mr.  Crompton 
himself.  Does  Mr.  Erskine  mean  to  say  that  the  length  of  800 
yards  he  spoke  of  just  now  is  continuous  bare  copper  conductor 
from  end  to  end  ? 

Mr.  E.  S.  Erskine  :  Yes. 

Mr.  J.  N.  Shoolbred:  Not  broken  up  by  lengths  of  Gal- 
lender's  cable? 

Mr.  E.  J.  Erskine  :  No.  We  have  cables  in  places,  and  we 
have  considerable  lengths  of  Callender's  cable  through  sewers,  but 
most  of  our  cables  are  short  lengths.  We  hardly  ever  put  a 
cable  down  now,  but  nearly  all  bare  copper.  Most  of  our  cables 
were  fixed  before  we  had  given  Mr.  Grompton's  system  a  fair  trial ; 
vol.  xvni.  26 
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Mr.  Erekine.  (j^  since  we  have  been  able  to  see  exactly  how  it  works, — and  Mir. 
Crompton  has  made  great  improvements,  which  get  over  almost 
all  difficulties, — the  arrangement  has  been  adopted  as  the  stan- 
dard system  of  mains  to  be  laid  down  by  the  company. 

Professor  The  CHAIRMAN:  We  have  a  little  more  time  for  questions  w 

Ayrton.  ^ 

discussion.  We  cannot  take  the  reply  this  evening,  but  it  must 
be  given  afterwards,  and  I  invite  any  further  questions. 

Perhaps  I  might  ask  one  or  two  questions  myself.  I  should 
like  to  know,  if  Mr.  Gray  could  tell  us,  why  the  india-rubber  cables 
of  the  earlier  days  occasionally  failed.  I  am  not  speaking,  of 
course,  of  the  Silvertown  make  specially;  I  have  rather  in  my 
mind  the  cables  which  were  made  by  Messrs.  Hooper,  of  vulcanised 
rubber.  They  were  constructed  very  much  in  the  same  way  that 
Mr.  Verity  has  described,  of  nearly  pure  rubber,  put  round  copper. 
The  copper  was  tinned,  as  a  matter  of  &ct ;  then  came  a  separator, 
as  we  called  it  in  those  days,  of  india-rubber  with  zinc  oxide ;  and 
outside  was  a  coating  of  vulcanised  india-rubber.  The  insulation 
obtained  at  first  was  extremely  high — ^£etr  higher  than  was  the 
specified  insulation — ^but,  for  some  reason  or  other,  I  believe, 
I  am  right  in  saying  that  occasionally,  at  any  rate,  the  insu* 
lation  used  to  go  down.  A  good  many  years  ago  I  tested 
many  thousands  of  miles  of  cables  made  in  that  way  at  Messrs. 
Hooper's  works  at  Mitcham,  and  the  insulation,  when  the  cable 
was  tested  at  the  works,  and  also  after  it  had  been  sheathed 
at  Millwall,  was  &r  higher  than  had  been  specified  for.  I  do  not 
know  exactly  what  happened,  as  I  went  to  the  Far  East  just  then  ; 
but  the  cable  was  subsequently  laid  on  the  East  coast  of  South 
America,  and  I  beUeve  some  difficulty  was  experienced  on  accoimt 
of  the  insulation  going  down.  Possibly  Mr.  Gray  can  give  us 
some  information  on  that  point. 

Another  curious  experience  I  had  on  a  previous  occasion  with 
a  cable  made  in  the  same  way  by  Messrs.  Hooper.  There  were 
some  cables  lying  in  iron  tanks,  with  water  in  the  tanks,  in 
Calcutta,  for  a  long  period.  Those  cables  were  tested  from  time 
to  time,  and  found  to  be  extremely  good.  Then  they  had  tQ 
be  moved  and  taken  to  be  laid  under  the  Hooghly ;  and  after 
being  laid,  although   there   was   no   evidence   of  their  being 
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damaged  in  any  way,  the  insulation  of  all  of  them  had  gone  ProfeflMir 
down  very  much  indeed,  I  am  speaking  of  about  1870,  or 
possibly  a  little  earlier.  I  tested  those  cables  before  they  left 
Calcutta,  and  I  tested  them  while  they  were  being  laid,  and 
directly  they  were  laid,  and  the  insulation  of  all — ^I  think  there 
were  six — ^went  down,  so  that  it  is  certain  it  was  not  due  to  a 
single  fault  in  any  one  specimen.  From  some  reason  the  material 
had  deteriorated.  Possibly  uncoiling  the  cable  out  of  the  tanks  at 
Calcutta,  removing  it  and  laying  it,  developed  minute  cracks  in 
the  insulating  material.  Probably  some  change  has  been  made 
at  the  present  day  in  the  method  of  construction  to  prevent  the 
material  deteriorating  in  this  way. 

The  question  of  the  puncturing  of  insulated  cables  used  for 
electric  lighting  is  an  extremely  important  one,  and  one  which  I  ^ 
think  has  not  had  sufficient  attention  given  to  it.  It  has  been 
assumed  that  the  electro-motive  force  that  the  electric  light  cable 
will  work  at,  is  the  electro-motive  force  produced  by  the  dynamo, 
and  no  more ;  but,  as  Mr.  Verity  points  out  quite  rightly,  in  his 
paper,  there  is  the  probability  of  a  very  much  higher  electro- 
motive force  being  brought  to  bear  on  cables  used  for  electric 
lighting,  in  consequence  of  self-induction — a  subject  which  will 
come  before  us  in  another  way  at  our  next  meeting,  when 
Professor  Oliver  Lodge  is  to  give  us  a  paper  on  lightning  con- 
ductors. The  surging  backwards  and  forwards  that  he  has  so 
ably  drawn  attention  to,  that  you  have  in  certain  cases  in  elec- 
trical conductors,  produces  an  electro-motive  force  infinitely 
greater  than  you  would  expect.  A  case  was  brought  to  my 
notice  the  other  day  of  a  somewhat  extraordinary  character. 
Two  people  were  walking  together  in  the  Inventions  Exhibition, 
along  a  court  where  there  were  a  good  many  electric  wires ;  they 
were  several  feet  away  from  the  wires,  which  were  overhead ; 
they  were  walking  on  wood ;  and  they  both  say  that  they  simul-  . 
taneously  got  a  sharp  shock.  Of  course,  from  our  old  point  of 
view,  we  should  have  said  it  was  quite  impossible,  because  the 
insulation  was  only  working  with — I  do  not  know  what  it  was, 
whether  it  was  100  volts  or  200  volts ;  but  they  could  not  have 
received  a  spark  of  several  feet  with  a  potential  difference  of  even  & 
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i*ix)fe88or  few  thousand  volts.  At  the  same  time,  you  have  their  evidence 
that  they  independently  felt  a  shock  at  a  certain  moment,  and 
said  immediately  to  one  another,  "  I  felt  a  shock."  They  applied 
to  the  people  in  authority,  but  of  course  they  could  get  no 
information. 

Now,  with  the  illustrations  that  we  have  had  recently  shown 
us  by  Dr.  Lodge  at  the  Eoyal  Institution  the  other  evening,  it 
does  not  seem  improbable  that  you  may  have  potential  differences 
set  up  in  wires  far  greater  than  the  potential  difference  that  the 
djnoamo  can  produce,  due  to  the  sudden  stopping  of  the  current  r 
for  example,  whether  you  may  be  working  at  100  or  1,000  volts^ 
you  may  have  10,000  volts,  or  even  more,  produced.  I  think  that 
that  may  explain  the  breakdown  of  some  of  these  cables.  Cables 
.  carrying  telegraph  currents  may  last  for  a  long  time  where  there 
are  not  such  high  voltages  used,  because  the  amoimt  of  energy 
available  is  not  nearly  as  great.  I  do  not  wish  to  detain  you  any 
longer ;  but  if  Mr.  Gray,  or  any  other  representative  of  the  india- 
rubber  and  cable  industry,  could  give  us  some  information  as  to 
why  the  cables  are  more  likely  to  last  now  with  vulcanised  india- 
rubber  cables  than  they  lasted  in  the  past,  I  for  one  should  be 
extremely  grateful. 

Mr.  Gray.  Mr.  W.  E.  Gray  :  I  do  not  know  whether  there  are  any  other 

cable  makers  present ;  but  you  have,  Mr.  Chairman,  touched  on 
rather  a  delicate  point,  I  think,  by  asking  the  Silver!  own  people 
to  discuss  and  criticise  the  failure  of  Hooper's  cable.  I  think  we 
could  hardly  be  expected  to  do  this. 

Pi-ofessor  The  CHAIRMAN :  I  do  uot,  of  coursc,  want  to  ask  you  to  go 

Ayrton.  ,  •iT/v»it»-  -ii 

into  any  sort  of  commercial  diflBculty;  but  is  it  not  possible, 
without  touching  on   commercial   questions,   to    suggest   some 
explanation  which  would  give  confidence  to  those  who  have  used 
india-rubber  cables  and  found  them  fail  ?    That  is  what  I  mean.. 
Mr.  Gray.  Mr.  W.  E.  Gray  :  There  is  one  thing  you  have  mentioned. 

Sir — that  is,  the  fall  in  the  insulation  of  these  cables.  I  do  not 
propose  to  go  very  fully  into  the  matter,  but  I  may  say  that 
in  ordinary  cables,  as  probably  you  are  well  aware,  this  depends 
a  good  deal  on  the  quality  of  the  rubber  used.  As  Mr.  Verity 
has  explained,  rubber  can  be  got  at  Is.  per  lb.,  and  also  at  38* 
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per  lb. ;  the  reason  for  the  higher  price  is  the  greater  durability  Mr.  Gray. 
of  the  higher  class,  as,  if  the  lower  grade  were  used,  although 
you  might  even  get  as  high  an  initial  insulation  as  with 
rubber  at  the  higher  price,  this  insulation  would  not  last. 
I  think  that  is  well  known  to  rubber  cable  manufacturers. 
As  regards  the  question  of  the  Hooghly  river  cable,  I  do  not 
know  what  the  temperature  may  be  there,  but  presume  it  is 
greater  than  the  ordinary  temperature  in  England,  in  which  case 
the  cause  of  the  fall  might  be  traced  to  the  fact  that,  if  the 
material  were  imperfectly  treated,  any  decomposition  would 
probably  be  increased  and  accelerated  by  the  increase  in  tem- 
perature. Of  course  I  cannot  tell  you  why  Hooper's  cable  did 
not  last,  but  can  only  say  that  the  explanation  would  apply  to 
rubber  cables  in  general.  The  failure  may  be  due  to  altogether 
diflFerent  causes,  and  I  can  only  regret  that  one  of  Messrs. 
Hooper's  stafiF  is  not  here  to  explain  it  to  you.  Generally 
speaking,  there  is  as  much  difference  between  rubber  and  rubber 
as  between  leather  and  leather,  or,  indeed,  any  other  material ; 
and  this  should  be  taken  into  account  in  the  specification.  If 
the  consulting  engineer  understands  the  material  he  should  be 
able  to  get  a  good  thing ;  but  if  he  has  not  this  knowledge,  and 
throws  the  matter  open  to  competition,  the  manufacturers  would 
probably  only  give  what  was  asked  for  in  the  specification.  As 
an  illustration,  I  can  quite  suppose  that  when  buying  telegraph 
wire,  the  Post  Office,  knowing  that  there  are  various  qualities  of 
this,  would  hardly  expect  to  get  for  £S  per  ton  the  very  best 
telegraph  wire ;  and  their  specification  would  be  mechanical  as 
well  as  electrical.  The  same  thing  applies  to  rubber  as  to  any- 
thing else — it  is  merely  a  question  as  to  what  people  will  pay 
for,  and  the  durability  is  to  a  great  extent  a  question  of  price ; 
but  there  is  no  doubt  whatever  that  a  good  cable,  manufactured 
of  good  material,  properly  and  uniformly  treated,  and  well 
vulcanised,  will  last.  There  are,  I  believe,  in  existence  now, 
rubber  cables  that  have  been  working  for  twenty  to  thirty  years, 
that  have  lasted,  and  will  last  for  some  time  yet. 

Mr.  GiSBERT  B[app:   The  author  said  that  he  had  not  dealt  Mr.  Knnn 
with  several  other  systems,  and  I  think  we  should  all  be  glad  if 
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Hr.  Kaiip.  in  his  reply  to  the  discussion  he  would  amplify  his  paper  in  this 
respect.  In  particular,  I  should  be  glad  if  he  would  add  some 
facts  upon  a  system  of  which  a  good  deal  has  been  said  in 
America,  viz.,  that  of  oil  insulation.  No  doubt  you  are  aU 
familiar  with  the  experiment  that  ]Mr.  Brooks  performed  some 
years  ago.  He  twisted  two  ordinary  cotton-covered  wires  together 
except  at  the  ends,  which  were  kept  1  in.  apart ;  the  wires  were 
then  put  into  a  jar  filled  with  paraffin  oil,  so  that  only  the 
separate  ends  projected  above  the  surface  of  the  oil.  The  wires 
were  then  connected  with  an  induction  machine,  and  sparks  passed 
in  air  from  one  wire  end  to  the  other,  but  no  sparks  passed  through 
the  cotton  coveriAg  and  oil  where  the  wires  were  twisted  together. 
Mr.  Brooks  has  employed  this  discovery  of  the  enormous  insu- 
lating property  of  oil,  in  the  construction  of  an  underground 
system.  An  iron  pipe  filled  with  some  cheap  mineral  oil  forms 
the  duct,  and  into  this  are  placed  the  conductors,  which,  I  believe, 
need  no  other  covering  than  cotton.  If  this  system  should  prove 
really  so  successful  as  its  inventor  believes  it  to  be,  it  would  be 
of  the  greatest  importance  to  central  station  lighting  in  this^ 
country,  and  I  am  rather  disappointed  to  find  no  mention  of  it 
whatever  in  Mr.  Verity's  paper.  If  he  has  seen  the  Brooks 
system  in  actual  operation  in  the  United  States,  I  would  ask  him 
to  give  us  in  his  reply  some  facts  about  it,  obtained  from  his  own 
personal  observation. 

Mr.  Phuiips.  Mr.  C.  J.  Phillips  :  As  I  was  in  Messrs.  Hooper's  service  at  the 
time  they  were  making  the  Western  Brazilian  cable,  which  is 
the  one  referred  to  by  the  Chairman,  perhaps  I  may  oflFer  one 
exjjlanation.  With  regard  to  that  cable,  I  think  you  are  aware. 
Sir,  that  the  greater  part  of  it  was  originally  designed  for  use  as 
a  deep-sea  cable,  and  that  it  was  afterwards  laid  in  shallow  water 
as  a  coast  cable.  This  fact,  I  think,  to  a  great  extent  accounts  for 
its  comparative  failure,  the  type  being  unsuited  to  the  locality. 

With  regard  to  the  quality  of  the  material  which  was  used  in 

the  insulation  of  the  cable,  I  think  at  that  time,  Sir,  you  were 

with  Sir  William  Thomson,  who  was  the  consulting  engineer  of 

the  Western  Brazilian  Company,  and  I  think  his  duty  was  to  see 

~  that  the  materials  used  were  according  to  specification.     I  have 
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no  connection  with  Messrs.  Hooper  now,  but  I  certainly  know  Mr.  phuupe. 
from  my  own  experience  that  they  used  the  best  rubber  that 
could  be  procured,  and  that  any  failure  in  the  insulation  is  not 
to  be  accounted  for  in  that  way.    I  believe  now  that  a  rubber 
cable,  as  Mr,  Gray  says,  "  properly  made,"  is  perfectly  reliable. 

The  Chairman  :  I  was  going  to  say  that  I  do  not  think  Mr.  ^^"^ 
Gray  has  hit  the  right  nail  on  the  head  by  implying  that  the 
failure  of  the  cable  was  due  to  cheap  material  being  used.  I 
also  have  nothing  to  do  with  Messrs.  Hooper  now,  or  then,  and  I 
have  no  interest  therefore  in  supporting  any  particular  way  of 
making  cables,  but  I  think  that  Messrs.  Hooper  were  quite  as 
much  astonished  as  anyone  else  at  the  subsequent  falling  off  in 
the  insulation  of  their  cables.  I  would  like  to  add  one  other 
point,  and  that  is,  would  Mr.  Gray  point  out  what  should  be  the 
test  of  the  insulating  quality  of  a  material  if  a  great  number  of 
megohms  resistance  means  nothing  ?  What  would  he  propose 
should  be  the  test?  Should  it  be  a  chemical  test  of  the  rubber?  or 
what  should  be  the  test  in  passing  a  cable,  if  the  fact  that  it  had 
a  far  higher  insulation  resistance  than  could  be  expected  in  a 
cable,  did  not  show  that  it  was  made  of  good  india-rubber  ?  I 
think,  in  the  case  of  iron,  that  if  the  iron  fulfil  all  the  mechanical 
tests  of  tension,  torsion,  elastic  limit,  &c.,  required  of  good  iron, 
it  is  really  all  the  Post  OflSce,  or  anybody  else,  would  want,  what- 
ever the  iron  be  called,  however  many  "  B.B.B.'s  "  or  "  Best  Bests  " 
may  be  put  before  the  name. 

Mr.  W.  E.  Gray  :  I  am  sorry  to  occupy  the  time  of  the  meet-  ^r.  owj- 
ing  with  what  appears  to  be  rather  a  conversation  than  a  dis- 
cussion. A  gentleman  has  just  spoken  who  says  he  was  with 
Messrs  Hooper  at  the  time  the  Brazilian  cable  was  made.  I  hope 
he  did  not  think  I  was  implying  anything  derogatory  to  that 
firm. 

Mr.  C.  J.  Phillips  :  Not  at  all. 

Mr.  W.  E.  Gray:  I  certainly  did  not  mean  "to  do  so  in  the 
slightest  degree.  I  simply  tried  to  give  an  explanation  that 
might  account  for  failure  in  rubber  cables;  but  it  would  be 
necessary  to  know  all  the  conditions  of  the  specification  before 
one  could  judge  as  to  why  the  cable  failed.    I  dp  not  know  the 
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[r.Gray.  specification,  and  I  certainly  could  not  undertake  to  give  the 
reason  to  you,  Mr.  Chairman,  who  tested  the  cable,  and  had  a 
full  knowledge  of  the  specification. 

You,  Sir,  asked  me  how  to  make  rubber  cables.    This  is  rather 
a  long  process  to  explain  U>  you,  and  although  I  would  be  glad 
to  have  a  private  opportunity  of  doing  so,  I  do  not  think  that 
the  present  occasion  is  suited  for  going  into  details  of  manu- 
factiu-e.      There  is  no  doubt  high  electrical  insulation  can  be 
easily  obtained,  but  the  practical  question  is  the  durahUUy  of 
the  cable.     It  is  hardly  sufficient  to  make  an  electrical  test,  and, 
because  the  instruments  give  a  good  reading,  be  satisfied  with  the 
cable.    The  question  of  the  time  and  temperature  would  have  to 
come  in.    I  do  not  know  whether  the  cable  you  refer  to  was 
tested  at  a  high  temperature,  or  what  the  duration  of  the  test  was ; 
but  it  seems  to  me  that  the  whole  conditions  of  use  of  any  cable 
should  be  taken  into  account  in  the  specification,  and  suitable  tests 
applied.    If  permanency  of  insulation  is  required,  then  the  manu- 
factured material  used  should  be  such  as  to  give  that  permanency, 
and  precaution  should  be  taken  to  get  this ;  but  it  appears  to  me 
to  be  a  matter  of  judgment  and  knowledge  of  the  material  nsed. 
It  IS  impossible  to  go  into  all  these  points  at  present,  but  I 
should  be  glad  to  give  you  any  detailed  information  you  might 
require,  outside  of  this  meeting. 

tofessor  The  CHAIRMAN :  I  will  acccpt  your  kind  invitation  after  the 

meeting.  I  venture  to  say  that  neither  a  month's  test  nor  a  several 
months'  test  shows  the  going  down  in  the  insulation.  During 
the  whole  manufacture  of  the  Hooper's  cable  I  have  been  referring 
to — it  had  all  to  be  sheathed,  of  course,  and  it  took  many  months 
to  make  this  sheathing — ^there  was  no  evidence  whatever  of  the 
insulation  going  down.  Not  only  did  the  many  tests  of  each 
section  of  the  core,  but  the  constant  tests  of  the  sheathed  cable 
before  laying,  failed  to  show  any  suspicion  of  faults.  In  the  case 
of  the  Hooghly  india-rubber  cables,  certainly  a  year's  testing 
did  not  show  what  the  coiling  and  uncoiling  of  the  cable  at  once 
brought  into  evidence. 

[inuhor-  ^^'  '^'  Farquharson  :    Gentlemen, — I  think  our  Chairman 

"•  raised  a  very  important  question,   that  requires  a  /very  much 

*  ^  ^  Jigitizedby  Vl3i -•'^         _ 
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fuller  answer  than  it  has  had,  viz.,  how  we  shall  know  india-Mr. 

Farquhar- 

rubber  that  is  worth  Is.  a  pound  from  that  which  is  worth  3s.  a  «>°- 
pound.  Now  I  have  had  something  to  do  with  india-rubber  in 
my  time,  and  I  will  tell  you  the  test  that  I  adopted.  I  do  not 
know  that  Mr.  Gray  will  thank  me  for  it,  but  it  is  a  test  that  has 
been  continued  by  the  Admiralty  for  the  last  twenty-five  years, 
arid  there  should  be  no  harm  in  my  telling  you  here  what  it  is. 
The  test  that  the  Admiralty  adopt  as  a  test  of  the  quality  of 
india-rubber  is  this :  They  take  a  portion  of  it  and  put  it  in  a 
steam  chest  under  a  pressure  of  60  lbs.  of  steam  (about  300° 
Fah.),  and  keep  it  there  for  three  hours.  It  is  then  removed 
and  put  in  dry  heat  for  two  hours  at  270°  Fah.,  and  then 
allowed  to  cool.  If  it  is  then  soft,  and  bends  without  cracking, 
the  quality  is  good.  This  is  a  test  for  the  quality  of  the  rubber. 
The  proportions  of  the  constituents  should  be  specified  and  tested 
by  analysis.  I  may  add  that  the  sulphur  should  never  exceed 
3  per  cent.  The  oxide  of  zinc  need  not  be  less  than  40  per  cent. ; 
and  if  to  be  used  in  a  soil  or  for  a  purpose  where  it  may  be 
subject  to  mineral  oil,  the  oxide  should  be  at  least  60  per  cent. 

Mr.  George  Sdtton:  I  do  not  think  there  was  anything  Mr.  sutton. 
with  regard  to  the  cables  laid  on  the  east  coast  of  America  that 
-would  show  that  the  material  was  of  poor  quality.  I  have  met 
with  many  who  were  connected  with  that  expedition,  and  I 
always  understood  that  the  failure  of  the  cable  was  owing  to  its 
being  destroyed  by  marine  animals,  especially  the  saw-fish.  A 
tooth  of  a  saw-fish  was  found  embedded  in  the  cable,  having  got 
right  through  the  sheathing  to  the  core. 

My  Company  have  made  rubber  cables  which  have  been  laid 
in  many  parts  of  the  world,  and  have  given  no  trouble.  No 
doubt  guttar-percha  has  practically  superseded  the  rubber  cable. 
We  have  to  go  into  the  question  of  expense,  and  hitherto  nothing 
has  been  found  to  serve  so  well  and  so  cheaply  as  gutta-percha 
for  submarine  work  generally.  Kubber  cables  have  been  for  years 
more  expensive  than  gutta-percha,  and  the  question  of  cost  is  a 
very  serious  one  when  it  is  a  case  of  laying,  say,  a  thousand 
miles  of  cable. 

Major-General  Webber   [communicated]  :   I  have  (^luthank  Major-oen. 
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*wei5)e?*°'  Mr.  B.  Verity  for  his  interesting  paper,  as  it  reminds  me  that 
I  received  from  Mr.  Leonard  F.  Beckwith,  chief  engineer  of 
the  Consolidated  Telegraph  and  Electrical  Snbway  Company,  of 
New  York,  so  long  ago  as  early  in  February  last,  a  very  detailed 
account  of  the  electrical  subways  built  within  the  last  three  years 
in  New  York  City. 

Mr.  Beckwith  gave  me  a  description  of  what  is  known  in 
America  as  the  Dorsett  system,  and  its  application;  of  the 
creosoted  wood  conduits ;  of  the  iron  and  cement  pipe  conduits ; 
of  the  conduits  of  iron  pipe  laid  in  asphaltic  concrete ;  of  conduits 
of  iron  pipe  laid  in  hydraulic  cement  concrete ;  and  of  the  John- 
stone cast-iron  conduits. 

Our  correspondence  arose  out  of  the  fact  of  Mr.  Beckwith 
becoming  aware  that  I  had  for  several  years  had  my  attention 
turned  to  this  subject,  and  that  the  result  of  practical  experi- 
ence,  dating  since  1870,  in  laying  xmderground  electrical  con- 
ductors, and  many  experiments  since  1882  (when  Edison's 
system  was  exhibited  at  the  Crystal  Palace),  appeared  in  the 
arrangement  of  conduits  known  as  the  Callender-Webber  system, 
exhibited  two  and  a  half  years  ago  at  the  Borough  Eoad  Works 
of  the  Anglo-American  Brush  Electric  Light  Corporation. 

I  was  glad  to  hear  from  Mr.  Beckwith  that  nothing  precisely 
in  the  same  form  had  been  tried  in  the  United  States,  because, 
with  the  rapid  extension  of  underground  work  owing  to  the 
demand  for  electrical  distribution  in  that  country,  it  might  have 
been  thought  that  it  had  been  used  and  proved  a  &ilure.  When 
I  say  "precisely,"  I  mean  that  no  cases  or  conduits  had  been 
made  or  laid  down  consisting  of  the  same  material  or  made  in 
the  same  way. 

As  to  priority,  or  as  to  our  having  much  to  learn,  I  would 
once  more  beg  to  be  allowed  to  remark  that  the  history  of  this 
subject  in  connection  with  telegraph  conductors,  in  spite  of  the 
many  warnings  of  telegraph  engineers,  almost  exactly  repeated 
itself  in  connection  with  the  laying  down  of  conductors  suitable 
for  electric  lighting,  and,  I  am  sorry  to  say,  in  spite  of  those 
warnings,  is  likely  to  repeat  itself  again. 

Early  in  telegraph  days  the  conductors  were  all^  s^led  inta 
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the  pipes.      Bitter   experience  led  to  the  d/rawmg-in-^ndHmt  Major-oen. 
system,  in  which  even  insulation  is   secondary  to  the  perfect 
fecility  for  removing  and  replacing  a  defective  cable* 

All  the  troubles  from  steam,  heat,  temperature  of  the  soil, 
gas  and  water,  danger  of  damage  from  other  works,  difficulty  of 
finding  room  under  the  road,  were  encountered  and  conquered 
long  before  1880.  The  only  vital  change  in  the  jprinciplea  and 
practice  then  learnt,  that  I  know  of,  has  been  that  with  large 
cables  each  condiictor  WAist  he  'provided  with  a  separate  "  way^ 

The  chief  feature  of  the  Callendier-Webber  casing  is  that  this 
is  provided  for  in  a  more  simple  and  less  expensive  manner,  I 
believe,  than  with  any  other  material ;  at  any  rate,  such  was  the 
case  three  years  ago,  when  the  plan  was  first  thought  out. 

The  arrangement  most  similar  to  it,  amongst  those  referred 
to,  I  will  describe  in  Mr.  Beckwith's  own  words  :— 

"  This  construction  consists  of  lap-welded  wrought-iron  pipes, 
*^  the  different  sizes  varying  from  one  and  a  half  to  three  inches, 
'•  according  to  requirements,  laid  in  tiers  in  hydraulic  cement 
"  concrete.  The  concrete  is  from  an  inch  to  an  inch  and  a  half 
'•  thick  between  the  pipes,  and  three  inches  thick  around  the 
"  mass  of  pipes.  The  pipes  are  from  eighteen  to  twenty  feet  long, 
"  with  screw  coupling  joints.  The  concrete  has  due  proportions 
**  of  cement  and  sand." 

The  work  of  laying  down  this  conduit  can  easily  be  specified 
by  any  engineer,  and  I  will  not  give  its  details.  Its  advantages 
are  manifest  in  its  strength,  in  being  impervious,  in  the  easy 
multiplication  of  cable-ways,  and  in  its  great  durability.  But  it 
cannot  compete  for  one  moment  with  the  following  advantages 
in  the  use  of  the  bitumen  concrete  casing  I  have  alluded  to, 
namely : — 

The  occupying  of  small  space,  and  space  of  different  sec- 
tions. 
The  being  able  to  bring  the  casing  to  the  work  ready  made, 
saving  the  time  during  which  streets  have  to  be  opened. 

The  lightness  and  cost  of  the  material,  which,  in  the  case 
of  the  bitumen  concrete  casing,  is  about  o'ne-half  per 
lineal  measurement  of  tube.  „  , , _„ 
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w^bi^*"*  The  power  of  being  able  to  bend  the  casing  on  the  spot  to 

suit  the  obstructions  previously  unforeseen. 
The  ease  with  which  the  material  can  be  cut,  and  a  house 

service-box  put  in. 
The  smoothness  that  can  be  obtained  in  the  interior  surface 
of  the  ways. 

The  other  day  two  1,800-feet  cables  were  drawn  in  at 
Chelsea  with  great  ease. 

Each  plan,  no  doubt,  has  some  advantages  over  the  other; 
but  for  the  same  cost  the  former  cannot  compete  with  the  latter, 
if  the  great  end  of  being  able  to  draw  in  and  out  is  essential. 
In  view  of  the  opinion  expressed  in  favour  of  this  condition  by 
the  Board  of  Electrical  Control  of  New  York,  and  by  the  Munici- 
pality of  Paris,  and  elsewhere,  this  can  hardly  now  be  doubted. 

That  each  work  may  be  carried  out  so  as  to  give  bad  results 
I  have  no  doubt;  and  as  regards  the  laying  down  of  the 
Callender- Webber  casing,  I  have  none  whatever  that  failure  will 
infallibly  follow,  and  facilities  for  maintenance  in  the  future  be 
jeopardised,  unless  the  most  evident  precautions,  and  others  less 
apparent,  are  followed. 

In  connection  with  conductors  destined  to  be  used  with  high 
pressure,  I  am  all  with  Mr.  Verity  that  its  maintenance  will 
depend  on  the  quality  of  the  insulation,  and  not  on  the  com- 
parative insulating  properties  of  the  material  of  which  its 
surrounding  conduit  is  compos.ed.  With  perfect  facilities  of  re- 
newal, the  latter  is  a  condition  to  cause  no  anxiety. 

One  word  as  to  leakage.  To  jointing  I  will  not  refer  more 
than  to  remark  that  if  electrical  engineers  studied  the  subject, 
and  taught  their  men  as  well  as  we  were  instructed  and  taught 
at  the  Postal  Telegraph  Works  at  Gloucester  Eoad,  under  my  old 
friend  Mr.  Andrew  Bell,  we  should  have  less  to  fear  in  that 
direction.  In  simple  jointing  and  connecting  safety  will  come — 
come  in  time. 

But  the  really  serious  causes  for  leakage  lie  in  the  accidental, 
local,  and  varying  conditions  which  come  into  existence  at 
unforeseen  points  along  the  line,  arising  out  of  the  insulation 
being  attacked  by  gases  and  liquids  present  or  percolating  in  the 
surrounding  soil.      These   will  be  the   bane   of   the   electrical 
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engineer  of  a  supply  system,  and  their  frequency  will  increase  ^*fe|^^"- 
with  the  life  of  the  plant.     To  the  practical  prevention  of  their 
results  he  must  direct  untiring  attention. 

The  Chairman  :  I  am  sure  we  are  all  extremely  obliged  to  ^^J^' 
Mr.  Verity  for  having  brought  this  paper  before  us,  and  that  we 
cannot  do  better  than  give  him  a  hearty  vote  of  thanks  for  the 
paper,  and   express   our   great   regret   that  illness  should  have 
deprived  us  of  his  presence. 

The  motion  was  unanimously  carried. 

Mr.  Verity  [communicated]  :  Since  reading  my  paper  I  have  Mr.  verity. 
received  from  America  some  samples  of  Edison  three-wire  con- 
ductors and  junction  boxes.     I  should  have  been  happy  to  show 
these  to  the  members  had  it 

beenpossibletodevoteanother     (^j;^^^^^^ 
evening  to  the  discussion ;  but    \^^  ^v) 

since  it  is  not  possible,  I  am  Fio.  A. 

only  able  to  show  you  illustrations  in  place  of  the  actual  things. 

Fig.  A  shows  the  flexible  copper 
connections  used  throughout  the 
system  at  all  junction  boxes.  Fig.  B 
shows  a  section  of  the  three  con- 
ductors in  the  iron  tube,  made  in 
lengths  of  20  feet,  each  length 
joined  with  the  flexible  connectors 
(A^  in  the  joint  box,  which  is  then 
filled  in  with  insulating  comx)ound. 
The  flexibility  of  the  system 
^^®-  ^-  is  maintained  by  the  joints  being 

all  of  the  ball-and-socket  form,  giving  a  limited  movement,  but 
quite  suflScient  for  all  requirements.  Fig.  C  shows  a  T  junction 
box,  and  the  method  of  making  connection  with  the  flexible 
connectors  (A)  to  a  branch  for  house  service.  The  whole  service 
is  very  complete,  and  has  been  invariably  successful  in  America, 
although,  so  far  as  I  know,  it  has  only  been  used  for  currents  of 
less  than  300  volts  potentiaL 

With  regard  to  earthenware  pipes,  I  have  b^^iiiAidriftQmt 
the  troubles  arising  from  branches  and  roots  of  trees  getting  into       ^ 
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Mr.  Verity,  the  joints  is  thoroughly  overcome  by  using  a  good  cement  joint, 
and  that  where  these  troubles  have  arisen  only  clay  has  been 
used  for  filling  up  the  joint  space. 


Fig.  C. 

Mr.  Shoolbred  has  spoken  of  Mr.  B.  Verity's  conduit  as  one  in 
which  a  large  amount  of  condensation  would  take  place,  and  has 
assumed  that  its  efficiency  would  be  impaired  thereby,  but  I  do  not 
think  this  is  so,  for  even  if  all  of  the  channels  were  wet  it  does 
not  affect  the  insulation  so  long  as  they  are  kept  separate,  which 
is  distinctly  a  part  of  the  system. 

The  diagram,  perhaps,  did  not  show  the  details  very  plainly, 
as  proper  means  are  provided  for  draining  the  ducts  into  a  trap 
and  getting  rid  of  the  accumulated  water.  Provided  the  joints 
are  properly  made  and  the  conduit  laid  on  a  fair  bottom,  it  would 
practically  last  for  ever,  as  I  do  not  know  anything  that  destroys 
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glazed  stoneware  (except  main  force,  which  would  be  required  in  ^-  Verity. 
rather  a  large  quantity  for  this  purpose).     The  real  objection  to 
such  conduits  are  their  want  of  flexibility. 

In  reply  to  Mr.  Kapp,  I  had  the  pleasure  of  twice  meeting 
Mr.  Brooks  in  America  and  hearing  his  views  on  this  subject,  and 
a  description  of  his  particular  system ;  but  I  regret  to  say  my 
opinion  was,  at  any  rate  so  far  as  electric  lighting  is  concerned, 
that  the  system  was  not  a  practical  one ;  and  that  seemed  the 
general  impression  there.  However,  as  an  English  firm  have 
taken  up  the  patents  for  this  country  doubtless  they  have 
satisfied  themselves  of  its  practicability,  and  we  shall  hear  more 
of  it.  The  conduit  consists  of  wrought-iron  pipes  supplied  with 
suitable  splice  boxes,  hand  holes,  and  outlets;  these  boxes  are 
protected  from  oxidation  by  being  laid  in  a  wooden  trough  into 
which  hot  pitch  is  poured.  The  wires  used  in  this  system  are 
cotton  covered,  and  stranded  into  a  rope  or  bundle,  which  is  then 
covered  with  a  textile  weaving;  the  bundle  of  wires  is  then 
soaked  in  hot  mineral  oil  drawn  into  the  pipe,  and  a  heavy 
mineral  oil  is  forced  in  for  the  purpose  of  excluding  moisture  and 
maintaining  the  insulation.  In  towns  where  there  is  much 
diflFerence  of  level,  the  head  of  oil  in  the  pipes  would  be  a 
soutce  of  trouble,  as  may  be  easily  imagined.  The  experiment 
mentioned  by  Mr.  Kapp,  as  showing  the  eflSciency  of  the  oil 
insulation,  is  thus  described  : — ^Two  wires  were  attached  to  a  Holtz 
machine,  the  extremities  being  carried  into  a  narrow  jar  of  the 
insulating  oil  in  such  a  way  that  when  the  distance  between 
them  was  one  quarter  of  an  inch  in  the  oil  they  were  one  and 
a-half  inch  apart  at  the  surface  of  the  oil ;  on  turning  the 
machine,  the  spark  passed  above  the  surface  of  the  oil  and  not  at 
all  through  the  oil,  even  when  the  distance  between  the  extremities 
was  reduced  to  one-sixteenth  of  an  inch. 

My  own  opinion  is,  after  carefully  considering  the  subject, 
that  a  5-  or  6-inch  iron  pipe,  with  a  smooth  interior,  good  joints, 
and  suitable  distributing  boxes,  forms  the  simplest  and  cheapest 
form  of  conduit  possible ;  that  is  looking  at  it  as  merely  a 
mechanical  protection  for  the  cable. 

I  had  hoped  that  the  discussion  would  have  bettli^Vfett 
the  relative  advantages  of  fibrous  and  homogenous  insulation. 
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Mr.  Verity,  j^  would  Certainly  appear,  without  other  proof  to  the  contrary, 
that,  for  high  tension  work  at  any  rate,  a  good  continnous 
insulated  covering,  such  as  vulcanised  india-rubber,  must  possess 
many  advantages  over  a  fibrous  material,  whatever  the  insulating 
oil  may  be  that  it  is  soaked  in. 

It  is  very  encouraging  to  hear  from  Mr*  Erskine  of  the 
Kensington  Court  Company's  experience,  and  really  it  makes  one 
think  that  much  we  hear  of  the  frightful  diflSculties  encountered 
is  a  bogey,  but  perhaps  the  gas  and  water  companies  are  par- 
ticularly obliging  in  this  district.  My  own  experience  is  that  even 
if  they  are  legally  obliged  to  remove  the  pipes,  it  is  an  exceedingly 
diflScult  job  to  get  them  to  do  it  unless  they  are  quite  agreeable 
and  see  some  advantage  to  themselves  in  the  arrangement. 

Mr.  Farquharson  has  given  us  a  good  practical  receipt  for 
testing  rubber,  and,  as  it  has  stood  the  test  of  so  many  years' 
experience  with  the  Admiralty,  no  doubt  we  can  take  it  as 
perfectly  reliable.  After  what  has  been  said  about  insulation 
tests,  it  is  obvious  that  these  are  totally  inadequate  and  are  really 
no  test  at  all  of  quality,  bad  rubber  showing  quite  as  high 
insulation  as  good  when  first  made. 

I  have  to  thank  the  members  of  this  Society  for  the  courteous 
way  in  which  they  have  received  my  paper,  and  hope  that  if,  in 
the  future,  I  may  have  the  opportunity  of  again  bringing  the 
subject  before  them,  it  will  be  when  many  miles  of  underground 
work  are  in  successful  operation  in  this  city,  and  when  a  wider 
experience  and  deeper  knowledge  will  make  it  one  of  the  first 
importance  to  all  electrical  engineers. 

A  ballot  took  place,  at  which  the  following  were  elected : — 

MeTthh&ra : 
Frank  Erskine  Dempster.         |       Hugh  Theodore  Pinhey. 

Associates : 


Orlando  V.  Thomas. 
Augustus  Wolfe. 


John  Melville  Coode. 
Henry  Chevly  Alexander 
Goodall. 

Student : 
John  Allison  Muir.    Digitized  by  doog Ic 

The  meeting  then  adjourned. 
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The  One  Hundred  and  Ninety-second  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on 
Thursday  evening,  April  25th,  1889 — Professor  W.  Ckookes, 
F.R.S.,  Vice-President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
April  11th  were  read  and  approved. 

The  names  of  new  candidates  for  admission  into  the  Institu- 
tion were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been  ap- 
proved by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
Sidney  Dobson. 

From  the  class  of  Students  to  that  of  Associates — 
Peter  V.  McMahon.  |  W.  H.  Wickham. 

The  Chairman:  The  painful  duty  now  devolves  upon  me, 
Crentlemen,  to  announce  the  death  of  an  old  and  very  eminent 
member  of  this  Institution,  and  a  very  old  personal  friend  of  my 
own — ^Mr.  Warren  De  la  Eue,  who  died  on  Good  Friday  last.  I 
•will  ask  Mr.  Preece  to  move  a  resolution,  which  the  Council 
<iefflre  to  submit  to  you,  expressive  of  the  deep  regret  which  I  am 
«ure  all  must  feel  upon  the  occasion.   ' 

Mr.  W.  H.  Preece,  F.R.S. :  One  of  the  most  depressing  duties 
attached  to  those  who  continue  to  live  in  this  world,  is  to  have  to 
•express  regret  every  now  and  then  at  the  loss  of  friends.  It 
happens  that  I  became  acquainted  with  Dr.  Warren  De  la  Eue  in 
tthe  year  1853,  and  from  that  year  to  1889 — 36  years — I  have 
incessantly,  in  one  form  or  another,  received  from  him  attentions 
:and  kindnesses  which  can  never  be  forgotten.  Dr.  Warren  De  la 
Eue  had  a  magnificent  laboratory  at  the  back  of  Portland  Place, 
•which  was  always  open  to  anybody,  and  especially  to  young^ 
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electricians,  Vrho  desired  to  make  experiments  or  to  test  their 
ideas ;  and  one  had  only  to  express  to  him  a  wish  to  make  an 
experiment  in  his  laboratory,  to  use  his  magnificent  battery  of 
15,000  cells,  when  he  would  at  once  cheerfully  not  only  allow  the 
experiment  to  be  made,  but  would  invariably  be  present,  and,  if 
he  could,  would  himself  conduct  the  experiment.  I  have  received 
during  the  last  36  years  such  attentions  from  Dr.  Warren  De  la 
Eue  that  I  can  never  forget,  and  it  was  a  source  of  extreme  regret 
to  me  that  owing  to  ill-health  I  was  unable  to  pay  my  last  tribute 
of  respect  to  his  remains  at  Kensal  Green  last  Tuesday.  I  have 
therefore  with  great  grief,  but  with  a  certain  amount  of  personal 
Katisfaction  that  such  a  duty  devolves  on  me  rather  than  on  one 
who  knew  him  less,  to  propose  the  resolution  which  has  been 
already  approved  by  the  Council,  viz. — "  That  the  Council  and 
"  members  of  the  Institution  of  Electrical  Engineers  desire  to 
"  express  their  deep  regret  at  the  great  loss  which  they,  as  well 
"  as  the  scientific  world  generally,  have  experienced  by  the  death 
«  of  Dr.  Warren  De  la  Eue,  D.C.L.,  F.R.S.,  and  they  desire  to 
"  conve}'  to  ^Irs.  De  la  Rue  the  expression  of  their  sincere  sym- 
"  pathy  with  her  in  her  great  bereavement." 

Professor  Silvanus  P.  TnoMPSON:  I  ask .  permission,  Sir,  to 
second  that  resolution.  We  must  all  feel  deeply  grieved  that  one 
who  was  not  only  honoured  by  all  the  learned  Societies  in  this 
country,  but  who  was  also  so  highly  respected  by  those  of  other 
countries,  has  gone  away  from  our  midst ;  and  we  cannot  but  feel 
that  we  have  sustained,  in  common  with  the  many  other  Societies 
of  which  Dr.  Warren  De  la  Rue  was  a  member,  a  most  severe  los?» 

The  motion  was  unanimously  carried. 

The  following  paper  was  then  read : — 

ON  LIGHTNING,  LIGHTNING  CONDUCTORS,  AND 
LIGHTNING  PROTECTORS. 

By  Dr.  Oliver  Lodge,  F.R.S.,  JNIember. 

IXTRODUCTIOX. 

About  this  time  last  year  I  delivered  two  lectures  to  the* 
Society  of  Arts  on  the  subject  of  "  Lightning  Conductors,"  in  pur- 
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soance  of  a  bequest  made  to  the  Society  iu  memory  of  the  late  Dr. 
Mami.  In  those  lectures  I  abstained,  as  far  as  possible,  from 
practical  recipes  and  from  anything  like  authoritative  advice, 
contenting  myself  with  calling  attention  to  certain  aspects  of  the 
subject  which  had  been  overlooked.  I  ventured  to  imply  that 
none  of  the  older  electricians  had  any  notion  of  the  real  conditions 
of  the  problem;  that  they  all,  from  Franklin  to  Faraday  and  down 
to  the  present  day,  treated  it  as  a  much  easier  matter  than,  in 
fact,  it  is;  and  that  there  had  been  very  little  real  progress  in  this 
particular  department  since  the  time  of  Franklin. 

Eecent  advances  in  electrical  theory  made  it  easy  for  me  to 
see  further  into  the  matter  than  the  far  greater  men  of  the  past 
had  had  any  chance  of  doing ;  and  a  few  very  simple  and  easy 
experiments  soon  brought  the  conditions  of  the  problem  clearly 
before  me. 

It  was  these  conditions  upon  which  I  laid  emphasis  in  my 
lectures  to  the  Society  of  Arts.  Any  practical  outcome  I  left  to 
a  later  period,  and  very  likely  to  other  hands.  The  first  requisite 
seemed  to  be  to  grasp  the  conditions  of  the  problem  as  illuminated 
by  theory ;  the  second,  to  carry  out  practical  reform  in  the  light 
of  a  large  experience. 

Such  few  practical  recipes  as  I  did  surreptitiously  introduce  I 
fully  expected  to  hear  criticised,  nor  did  I  lay  any  stress  on  them 
at  the  time.  (I  may  say,  however,  that  I  have  seen  no  occasion 
since  to  importantly  modify  any  of  them,  and  that  my  position  in 
respect  of  these  practical  hints  is  stronger  now  than  it  was  then, 
inasmuch  as  I  find  that  the  large  experience  of  the  Belgian 
electricians,  who  have  given  more  attention  to  this  subject  than 
perhaps  any  other  school,  has  led  them  to  recommend  in  recent 
years  almost  precisely  the  same  methods  of  protection  as  those  I 
advocated ;  their  views  being  acquired  almost  entirely  by  practical 
experience  and  scarcely  at  all  by  theory.) 

The  theoretical  and  experimental  portions  of  my  lectures  were, 
however,  matter  of  serious  consideration  with  me,  and  nothing 
-was  set  down  under  these  heads  but  that  of  which  I  was  absolutely 
sure.  These  portions  have  by  all  pure  physicists  been,  so  far  as 
I  know,  universally  accepted ;  as,  indeed,  they  contain  noth|ng 
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but  what  any  one  of  them  could  have  easily  arrived  at  had 
he  happened  to  give  sufficient  thought  and  attention  to  the 
subject.  They  have  not  been  attacked,  nor  do  I  believe  they  are 
at  all  attackable  from  the  side  of  theory. 

But  from  the  side  of  experience  an  attack  has  come,  and, 
strange  to  say,  it  has  been  directed,  not  at  the  few  practical 
suggestions,  which  might  be  expected  to  be  vulnerable  on  that 
side,  but  at  the  theoretical  and  purely  scientific  portions. 

At  the  Bath  meeting  of  the  British  Association,  the  then 
President  of  Section  G,  speaking  in  the  light  of  a  most 
gigantic  experience — a  personal  acquaintance  with  over  half 
a  million  conductors  —  led  a  most  good-humoured  attack 
against  the  doctrine  of  my  lectures,  and,  exercising  his  well- 
known  rhetorical  and  oratorical  powers,  succeeded  probably  in 
impressing  the  general  bulk  of  the  audience  with  the  belief  that 
he  had,  on  the  whole,  the  best  of  the  battle ;  though,  at  the  same 
time,  I  expect  they  were  in  a  state  of  utter  bewilderment  as  to 
what  the  conflict  had  been  all  about,  and  where  the  difference 
"  'twixt  tweedledum  and  tweedledee'*  precisely  lay.  The  battle 
was,  however,  admittedly  a  drawn  one,  and  at  its  close  Mr.  Preece 
magnanimously  offered  me  another  field,  with  an  audience  of  an 
altogether  different  calibre  to  the  general  public  of  Bath,  by 
getting  your  Secretary  to  invite  me  to  read  a  paper  before  this 
Institution. 

Thus  much  by  way  of  historical  note  and  introduction.  Now 
for  the  scientific  portion  of  the  paper. 

I  begin  by  running  over  some  of  the  conclusions  at  which  I 
arrived,  and  proceed  to  re-establish  and  demonstrate  their  correct- 
ness either  by  theory  or  by  fresh  experiment,  whichever  may  seem 
the  most  simple  and  satisfactory  under  the  special  circumstances. 

Two  Main  Cases  of  Lightning  Flash. 

1.  All  discharge  is  virtually  that  of  a  Leyden  jar.  There  are 
always  two  conductors  separated  by  dielectric,  and  the  discharge 
is  a  breaking  down  of  the  dielectric  at  its  thinnest  or  weakest 
place.  ^  . 

In  a  thunderstorm  the  charged  conductora  axe  obvious,  oeing 
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either  two  clouds,  or  else  a  cloud  and  earth,  and  the  dielectric  is 
the  air  between. 

2.  It  must  sometimes  happen,  when  one  cloud  discharges  into* 
another,  that  the  potential  of  this  other  is  suddenly  raised  high 
enough  to  cause  it  to  discharge  into  the  earth,  even  though  no 
strain  previously  existed  in  the  air  between  it  and  earth.  The 
same  thing  may  happen  in  various  other  ways  when  two  clouds 
spark  into  each  other,  as  indicated  by  the  diagrams  (Fig.  1). 

3.  There  are,  therefore,  two  main  cases — (a)  When  the  strain 
in  the  dielectric  near  the  earth  has  been  of  gradual  growth,  in 
which  case  the  path  of  discharge  wiU  be  prepared  inductively 
beforehand ;  (b)  when  the  strain  arises  so  suddenly  that  there  is 
no  time  for  any  pre-arranged  path.  The  first  I  call  "  steady 
**  strain ;"  the  second,  "  impulsive  rush."  It  is  most  important  to 
recognise  these  two  cases,  and  to  understand  the  extremely  different 
conditions  attending  the  two.  The  first  case  only  was  ever  con- 
templated by  the  older  electricians ;  in  fact,  so  &r  as  I  know,  it 
was  my  experiments  last  year  which  first  called  attention  to  the 
other  case. 

CoNDrrioNS  of  Protection  and  of  being  Struck,  under  the 
Circumstances  of  each  Case. 

4.  I  will  now  illustrate  experimentally*  the  conditions  under 
which  discharge  occurs  in  each  of  these  two  main  cases ;  and  I 
will  take  first  the  case  of  steady  strain,  or  case  a.  This  insulated 
sheet  of  tin  plate  is  supported  horizontally  a  foot  or  two  above 
another  plate  lying  on  the  table,  and  it  is  electrified  by  a  Wims- 
hurst  machine.  It  represents  a  charged  cloud  hovering  over  the 
land,  the  lower  plate  representing  the  earth.  Between  the  two  I 
can  erect  buildings,  and  lightning  conductors  terminated  in  various 
ways.  The  typical  terminals  which  I  will  here  use  to  illustrate 
the  conditions  are  four — ^viz.,  a  large  knob,  or,  as  I  shall  call  it,  a 
**  dome ;"  a  small  knob,  which  I  shall  call  "  knob ; "  a  sharp  point; 
and  a  gas  flame,  to  represent  a  chimney  or  other  furnace  current 
of  rarefied  air.   Putting  the  knob  and  the  dome  between  the  plates, 

*  These  experiments  were  shown  with  a  splendid  machine  most  kindly 
Inrought  over  and  erected  for  the  purpose  by  Mr.  Wioishurst  lumself,  whorn^  I 
hereby  cordially  thank. 
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we  find  the  knob  stmck  by  preference,  even  though  the  dome 
stands  at  a  mach  higher  elevation.  Introducing  the  point,  we 
find  it  protects  both,  by  a  silent  discharge,  until  it  is  lowered  very 
considerably ;  and  that  then  several  points  may  protect  when  one 
does  not.  Replacing  the  point  by  the  flame,  we  find  that  it  pro- 
tects too,  but  not  so  efficiently  as  the  point,  and  that  it  gets 
curiously  beaten  down  and  darkened  in  the  act  of  protection. 
The  point  is  not  struck  by  a  noisy  flash  until  it  is  raised  pretty 
close  to  the  upper  plate,  when  it  is  struck ;  but  a  bunch  of  points 
is  even  then  not  easily  struck,  sometimes  continuing  to  discharge 
with  a  constant  fizz  right  up  almost  into  the  cloud. 

5.  Try  the  effect  of  a  bad  earth  or  other  very  high  resistance 
interposed  in  the  path  of  the  conductor,  say  a  capillary  water 
tube  or  a  bit  of  wet  rag  or  a  wet  string. 

The  violence  of  the  spark  is  greatly  lessened,  and  the  sound 
is  now  gentle,  but  that  which  was  struck  before  is  still  struck  : 
resistance,  so  long  as  it  be  something  short  of  infinite,  makes  no 
difference  to  the  ease  with  which  a  given  object  is  struck  under 
the  circumstances  of  this  case  1.  Insert  the  wet  rag  in  path 
terminated  by  point,  and  it  still  protects,  practically  as  well  as 
before.  Insert  it  in  path  terminated  by  knob,  and  it  gets  struck 
at  the  same  elevation  as  before. 

The  fact  is  that  the  path  of  the  disruptive  discharge  is  all 
negotiated  and  pre-arranged  in  the  air  above,  especially  on  the 
surface  of  any  small  conductor  reared  into  this  space,  and  the 
resistance  which  the  flash  may  ultimately  have  to  meet  with  in 
its  passage  to  earth  is  a  thing  of  subsequent  consideration. 

6.  So  much  for  the  conditions  attending  case  a,  the  steady 
strain.  Now  attend  to  case  6,  the  impulsive  rush.  We  shall 
find  everything  very  different. 

Alter  the  connection  so  that  a  charged  Leyden  jar  must,  when 
it  discharges,  discharge  direct  into  the  upper  insulated  tin  plate, 
and  thence  overflow  to  the  ground  if  it  is  able  to  raise  the  poten- 
tial high  enough.  If  the  plate  is  too  far  above  ground  for  a  flash 
to  occur,  the  Leyden  jar  does  not  completely  discharge;  it  only 
produces  a  number  of  fizzes  and  spits,  and  the  greater  part  of  its 
charge  remains   in   it.     But   when   the  upper  plate  is  within 
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sx}arking  distance  of  the  ground  (and  the  sparking  distance  under- 
these  circumstances  is  surprisingly  great  by  reason  of  the  impetus 
with  which  the  electricity  rushes  into  the  top  plate),  then  the  jar 
discharges  completely,  and  we  have  a  violent  crack  both  between 
the  knobs  of  its  discharger  and  in  the  air  gap  between  the  two 
plates,  which  is  in  the  path  of  the  discharge ;  the  arrangement 
being  really  two  condensers  in  series,  but  only  one  charged 
(Fig.  2). 

The  only  object  of  the  Leyden  jar  in  case  a  is  to  give  more 
body  to  the  flash.  In  case  b  the  Leyden  jar,  or  its  equivalent 
capacity,  is  essential. 

7.  Putting  the  dome  and  the  knob  between  the  plates 
arranged  as  in  case  &,  we  find  that  one  gets  struck  as  easily  as  the 
other ;  the  knob  has  now  no  advantage  :  whichever  is  the  higher, 
that  gets  struck,  without  reference  to  other  considerations. 
Introducing  the  point  also,  we  find  precisely  the  same  is  true 
for  it ;  its  protective  virtue,  so  much  insisted  on  by  the  older 
electricians  (among  whom  I  suppose  I  am  right  in  reckoning  my 
chief  antagonist),  is  entirely  non-existent.  It  gets  struck  no 
more  easily,  and  no  less  easily,  than  the  dome,  and  it  gets 
struck  by  a  flash  of  precisely  the  same  noisy  character  as  the 
others  get  struck  with.  A  bunch  of  points  acts  in  exactly  the 
«ame  way.  A  comb  of  24  needle  points  protects  nothing,  and 
gets  struck  just  the  same  as  anything  else. 

8.  Now  introduce  the  flame,  and  one  notices  a  marked  difier- 
ence.  In  case  a  it  protected  less  well  than  the  point,  but  it 
was  not  struck  noisily  any  more  than  the  point  was.  In  the 
present  case  it  gets  struck  with  violence,  and  it  gets  struck  much 
more  easily  than  anything  else.  Adjust  dome  and  knob  and  point 
at  about  the  same  level,  and  they  get  struck,  one  or  other,  at 
random.  Adjust  the  flame  a  great  deal  lower,  and  it  protects 
them  all,  not  by  silent  discharge,  but  by  getting  struck  itself 
instead. 

''Protection,"  however,  is  in  this  case  not  the  word  to  use. 
The  flame  better  represents  a  chimney  requiring  protection,  while 
the  point  corresponds  to  the  i>ointed  terminal  of  a  lightning 
conductor  raised  a  good  deal  higher  with  the  intention  of  protect- 
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ing  it.  Protect  it,  it  does  not,  however ;  the  flash  strikes  down  the 
column  of  hot  air  and  through  the  flame,  while  it  avoids  the  more 
lofty  pointed  terminal  altogether. 

Bring  a  point  or  a  knob,  or  anything,  into  the  column  of  liot 
air  above  the  flame :  then  it  gets  struck  easily  enough,  and  protects 
the  flame,  but  not  if  it  is  on  one  side  of  the  hot-air  colunm. 
The  experiment  has  an  obvious  moral  in  relation  to  the  protection 
of  chimneys :  it  suggests  that  the  Continental  plan  of  a  bar  or 
arch  across  the  mouth  of  the  chimney  may  after  all  be  justified. 

9.  Try  the  effect  of  resistance  in  the  path  of  the  discharger 
7i02c»,  and  we  find  it  is  altogether  different  to  what  it  was  in  case  a. 

In  case  6  things  get  struck  according  to  their  height,  in- 
dependent of  the  shape  of  their  terminals,  but  not  independent 
of  their  resistances. 

Interpose  a  wet  rag  in  the  path  of  any  one,  and  that  one  fails 
to  be  struck ;  it  is  not  struck,  and  it  fails  to  protect  the  others 
from  being  struck,  even  though  it  be  reared  up  till  it  touches  the 
top  plate. 

The  top  plate  need  not  therefore  be  insulated  at  all  carefully 
for  this  case  6  experiment. 

Imitation  of  Lightning. 

10.  Now  let  us  modify  case  6  by  making  the  top  plate  a  sieve 
full  of  water,  so  as  to  get  the  flashes  in  a  shower  of  rain.  One 
cannot  well  try  case  1  in  a  rain  shower:  the  plate  would  be 
discharged  too  rapidly  and  continuously  by  the  water-drops  for 
its  potential  to  fully  rise.  But  in  case  2  the  top  plate  is  not 
necessarily  charged  at  all  until  the  rush  comes,  and  so  the  rain 
shower  does  no  harm. 

Flashes  in  the  rain  can  be  got  of  surprising  length  and  shape, 
for  they  make  use  of  the  water-drops  as  stepi)ing-stones.  By 
adding  salt  to  the  water  they  become  longer  still,  but  there  is  no 
need  thus  to  improve  its  conductivity  for  what  I  want  to  show. 

Notice  how  the  flash  contorts  itself,  taking  sometimes 
extraordinary  paths  as  it  jumps  from  drop  to  drop,  but  yet 
exhibiting  its  instantaneous  character  by  showing  the  drops  as 
stationary  in  its  illumination.  ,giti,ed  by  Google 
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11.  Bemove  the  things  standing  on  earth-plate  just  beyond 
fair  striking  distance,  and  what  do  we  see?  Appearances  pre- 
cisely like  those  which  are  observed  in  many  lightning  photo- 
graphs. 

A  crowd  of  violet  discharges  fill  the  rainy  air — forks,  and 
branch  and  multiple  flashes,  not  very  bright  or  very  noisy,  but 
extraordinarily  numerous,  and  striking  on  innumerable  places  at 
once.  A  rot  is  set  up  in  this  air  at  every  attempt  of  the  jar  to- 
discharge,  exactly  as  happens  in  one  of  the  most  striking  of  the 
photographs  belonging  to  the  Eoyal  Meteorological  Society. 

Masts  and  spars  and  deck  and  ocean  may  be  simultaneously 
struck  by  these  interesting  flashes  ;  and,  though  they  do  not  here 
appear  very  violent,  yet  I  expect  that  on  the  larger  scale  of 
Nature  they  are  not  very  safe,  and  may  easily  have  a  heating^ 
efiect  suiBScient  to  ignite  bodies.  These  experimental  ones  are  able 
to  ignite  gas  in  the  midst  of  the  rain. 

12.  While  we  have  this  arrangement  at  work  we  may  as  well 
try  an  interesting  little  experiment  on  what  happens  when 
lightning  reaches  water.  The  rain  water  has  here  been  collected 
in  a  zinc  tray  some  three  inches  deep,  and  by  bringing  a  knob 
from  the  top  plate,  some  six  inches  or  so  above  the  water,  a  flash 
strikes  it.  It  prefers  to  strike  anything  metallic  if  it  can,  but  if 
there  is  nothing  else  within  reach,  it  will  strike  the  water.  On 
reaching  the  water  the  flash  forks  out  and  ramifies  in  all  direc- 
tions in  a  crow-foot  pattern,  giving  the  same  sort  of  ajipearance, 
only  coarser,  as  that  obtained  by  Mr.  J.  Brown  by  taking  sparks 
on  to  a  photographic  dry  plate  and  then  developing. 

Bring  the  knob  nearer  and  nearer,  the  same  thing  happens, 
until  the  water  is  touched  by  the  knob,  and  even  after  it  is 
submerged.  But  as  soon  as  the  metallic  conductor  is  submerged 
the  ramifications  get  less  and  less  vigorous,  and  when  a  suSicient 
surface  is  immersed  they  cease.  I  have  never  seen  these  ramifica- 
tions spread  of  themselves  beloiv  the  surface  of  the  water.  They 
appear  to  me  to  keep  entirely  to  the  surface.  But  I  have  not  yet 
finished  investigating  these  appearances. 

13.  Immersing  a  half-full  beaker  in  the  water,  sparks  can  be 
got  to  the  water  inside  it,  though  they  prefer  to  curl  round  andj^o- 


Ml-  ON  LIGHTNING,   LIGHTNING  CONDUCTOES,    [April  25tii, 

outside.  The  noise  the  sparks  make  when  they  go  inside  is  a 
curious  one,  and  sounds  as  if  the  glass  cracked  each  time,  but  it 
does  not.  If  the  glass  is  moist,  a  brush  cascade  round  its  edge 
can  be  seen  in  the  dark.  If  it  be  dry,  the  water  inside  gets 
charged,  and  fizzes  audibly  back  to  the  knob  for  a  second  or 
no  after  the  spark  has  ceased,  a  dimple  being  visible  in  the  water 
below  the  knob. 

14.  Live  tilings  in  the  struck  water — worms,  flies,  fish,  &c., 
— will  most  certainly  get  struck ;  but  so  they  do  under  far  less 
violent  disturbances  than  what  they  would  here  be  subject  to. 
There  is  nothing  surprising  in  the  fish  of  a  pond  or  lake  being 
killed  by  a  flash  of  lightning ;  and  it  has  often  happened. 

When  H.M.S.  "  Conway  "  was  struck  many  years  ago,  and  pro- 
tected by  its  lightning  conductors,  it  is  related  that  the  sea-water 
was  seen  to  be  luminous  on  all  sides  of  the  ship.  This  is  exactly 
the  effect  I  now  imitate. 

15.  There  is  one  more  experiment  on  discharge  in  water  which 
I  have  just  tried,  and  which  it  is  interesting  to  show.*  I  take  a 
pointed  rod,  and,  protecting  it  by  a  glass  tube,  immerse  its  point 
under  water  in  a  beaker  containing  a  plate  connected  to  the  other 
coat  of  the  jar,  and  pass  a  spark.  With  the  point  negative,  there  is  a 
bright  glow  region  round  it  every  time,  but  the  discharge  is  quiet. 
With  the  point  positive,  the  flash  is  of  a  dazzling  white,  and  is 
accompanied  by  a  great  deal  of  noise  and  violence,  threatening  to 
smash  the  Leyden  jar,  and  throwing  down  the  copper  plate 
towards  the  bottom  of  the  beaker  with  fury. 

Oscillatory  Character  of  Lightning. 

16.  Before  leaving  the  outdoor  department  of  our  subject  I 
must  say  a'few  words  on  one  branch  of  it  concerning  which  there 
is  evidently  considerable  uncertainty  and  haziness  abroad — I 
mean  the  oscillatory  character  of  a  lightning  flash. 

That  a  Leyden  jar  discharge  is  usually  oscillatory  must  now  be 
regarded  as  so  extravagantly  proved  that  any  doubts  that  may 
have  existed  on  the  subject  must  surely  by  this  time  be  cleared 

*  This  experiment  was  not  shown  at  tlie  meeting,  because  in  trying  it  over 
in  the  afternoon  the  protecting  glass  tube  was  electrically  broken.       O   ~ 
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away,  at  least  for  the  case  where  the  discharge  has  to  utilise  a 
wire  circuit.  But  perhaps  it  is  still  doubted  for  the  case  when 
a  jar  overflows  its  edge,  or,  still  more,  when  it  merely  sparks 
through  its  own  dielectric,  straight  between  the  coatings. 

Now,  as  I  have  insisted  all  along,  a  lightning  flash  is  a  spark 
through  the  dielectric  of  a  jar  whose  two  coatings  are  either  two 
clouds,  or  else  cloud  and  earth.  Hence,  if  any  importance  is 
attached  to  the  fact  (as  I  believe  it)  that  lightning  flashes  are 
oscillatory,  it  is  necessary  to  prove  it  for  a  Leyden  jar  sparking 
direct  between  its  coatings,  especially  when  the  coatings  are  not 
very  close  together. 

17.  The  reason  I  do  attach  importance  to  the  oscillatory 
character  of  a  discharge  is  because  I  have  worked  out  the  quanti- 
tative behaviour  of  conductors  on  that  aspect  of  the  matter ;  and 
though,  as  Professor  Fitzgerald  said  at  Bath,  everything  would 
hold  just  as  well  for  a  single  oscillation — viz.,  one  violent  rise  and 
decay  of  current  (which  without  any  doubt  must  accompany  a 
lightning  stroke  or  any  other  quick  discharge  whatever) — ^if  rapid 
enough,  yet  the  rapidity  of  such  a  charge  as  this  does  not  seem  to 
me  probably  at  all  sufficient  to  account  for  some  of  the  efiects. 
The  rapidity  of  variation  of  current  in  that  case  would  be  directly 
connected  with  the  total  duration  of  the  flash;  and  though  we  have 
evidence  that  it  is  very  momentary,  yet  we  have  no  evidence  that 
it  is  so  instantaneous  (say  a  millionth  of  a  second)  as  the  semi- 
period  of  one  of  the  oscillations  may  be,  a  dozen  or  more  of  which 
may  accompany  an  entire  flash.  However,  I  admit,  of  course, 
that  all  I  want  is  a  tremendously  rapid  variation  of  current ;  and 
if  I  can  be  given  this  by  one  oscillation,  the  rest  are  unnecessary, 
and  may  be  dispensed  with. 

18.  When  I  speak  of  the  oscillatory  character  of  a  flash,  let  it 
be  understood  once  for  all  that  I  do  not  mean  in  the  least  such  a 
thing  as  can  be  analysed  by  waggling  the  head.  Flashes  analys- 
able  by  waggling  the  head  must  be  multiple  ones,  and  the 
interval  of  time  between  their  constituents  (which  may  be,  say, 
the  fiftieth  of  a  second  or  thereabouts)  is  a  long  period  compared 
with  that  of  an  oscillation  such  as  I  mean,  bearing  the  same  so^^ 
of  ratio  to  it  as  a  quarter  of  a  century  bears  to  an  hour. 


896  ON  LIGHTNING,  LIGHTNING  C0NDUCT0B8,    [AprU  25tli, 

19.  A  direct  experimental  proof  that  lightning  is  osciUatoiy 
will  be  obtained  when  photographs^f  it  are  taken  on  a  sensitiye 
plate  revolving  1,000  times  a  second.  Something  short  of  that 
speed  would  cause  the  image  of  the  flash  to  blur,  but  that  speed 
might  be  sufficient  to  analyse  out  the  oscillations,  when  examined 
carefully  with  a  magnifier,  the  focussing  being  good. 

Till  then  the  easiest  proof  that  it  is  oscillatory  is  a  theoretical 
one,  and  it  can  be  put  in  a  few  words. 

20.  Consider  an  air  condenser  with  two  coatings,  each  of  area 
A,  separated  by  the  distance  A,  and  let  it  burst  its  dielectric.  It 
is  well  known  that  the  discharge  is  oscillatory  when  the  whole 
resistance  met  with  by  the  discharge  is  anything  less  than  a 
critical  value. 

K.=  V(|> 
Now,  attending  only  to  the  straight  part  of  the  discharge,  and 
ignoring  the  current  rushing  up  in  the  plates  to  the  spark  path,, 
the  self-induction  of  a  straight  conductor  of  length  h  and  sectional 
radius  a  is  very  approximately 

li  =  2  fi  k  log  — . 

The  capacity  of  the  discharged  condenser  is 
Q        KA 

Hence  the  critical  resistance  which  must  not  be  exceeded  is^ 
given  by 

or 

Eo=10;.A«t;">v/(^log^) 

=  300  ohms  X  V(^  log  ^)  X  h. 

The  important  thing  to  notice  in  this  value  of  \/ ^-  is  that 

it  is  approximately  proportional   to  the  first  power   of  A,  the 
distance  between  the  plates  of  the  condenser. 

21.  Next  consider  the  resistance  of  the  ffii&hW^^iS.    It 
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too  will  be  proportional  to  the  length  A,  and  it  may  be  written 

where  Bi  is  the  resistance  per  unit  length  of  the  discharge  path. 
The  condition  for  oscillation,  then,  is  that  this  R^  h  shall  be 
less  than  Bq  >  or  ^^  resistance  of  unit  length  of  the  spark  must 
he  less  than 

300  ohms  X  V   (j  ^^g  ^)- 

22.  The  term  under  the  square  root  will  take  different  values 
according  to  circumstances,  and  it  may  be  greater  or  less  than  1 
per  metre.  Ordinarily,  however,  it  will  be  greater  than  1  per 
metre,  unless  the  area  of  charged  surface  is  considerable*  The 
important  thing  is  the  way  in  which  A,  the  distance  between  the 
plates,  enters  into  the  expression.  It  does  not  come  in  very 
prominently  at  all,  but  so  far  as  it  does  influence  the  result  it 
permits  the  discharge  to  be  oscillatory  more  easily  when  the 
plates  are  a  good  distance  apart  than  when  they  are  close 
together. 

23.  Take  a  couple  of  typical  examples. 

First,  a  Ley  den  jar  bursting  its  glass.  A  fine  needle  may 
be  just  put  through  the  hole  usually  made  in  these 
cases,  so  we  can  take  the  sectional  radius  a  as  something 
like  a  tenth  of  a  millimetre.  The  thickness  of  the 
glass  may  be  2  millimetres,  hence  4*/^  =  80  or 
thereabouts;  and  the  natural  logarithm  of  this  is 
about  4.  Suppose  the  area  of  coated  surface  is  half 
a  metre  square,  then  the  critical  resistance  which  a 
metre  of  the  spark  must  not  exceed  is  1,200  ohms, 
and  so  the  2  millimetres  of  it  must  not  exceed 
2*4  ohms. 
It  is  difficult  to  say  whether  this  is  or  is  not  a  large  resistance 

for  such  a  short  spark,  and  hence  it  is  difficult  to  be  sure  that  such 

a  spark  is  anything  more  than  a  mere  one-directional  discharge. 

To  go  into  it  more  fully  the  currents  in  the  metal  coatings  would 

have  to  be  considered. 

Next  take  as  example  a  cloud  area  at  an  elevation  of  one 
kilometre ;  and  because  a  lightning  discharge  usuall^ 
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makes  perforations  of  fair  diameter,  we  may  suppose 
a  to  be  about  a  millimetre.    (A  widely  erroneous  esti- 
mate in  this  quantity  makes  but  little  difference  in 
the  result.)    In  such  a  case  4-%  =  4  X  10*,  and  the 
logarithm  of  it  is  between  15  and  16.     Hence  the 
charged  area  may  be  15  or  16  square  metres  without 
bringing  down  the   square  root  term   below   1   per 
metre ;  so  the  resistance  of  the  whole  flash  may  in 
that  case  be  anything  below  300,000  ohms  without 
checking  the  oscillations.     The  discharged  area  may 
indeed  be  as  much  as  1,500  square  metres  without 
bringing  the  critical  resistance  which  the  flash  must 
not  exceed  below  30,000  ohms,  or  30  ohms  per  metre. 
(Understand   that  "  resistance"  here  does  not  mean 
impedance.      It   means  true   dissipation  of  energy- 
resistance  (sec.  25)j  and  the  current  squared  is  so 
enormous  (sec.  29)  that  the  resistance-coefficient  may 
be  quite  small). 
In  another  place  (Phil.  Mag.y  August,  1888)  I  have  shown 
reason  for  believing  that  the  area  of  cloud  discharged  at  any  one 
flash  is  usually  very  moderate ;  and  hence  on  the  whole  I  consider 
it  proved,  so  far  as  elementary  theory  can  do  it,  that  the  lightning 
flash  usually  takes  place  under  conditions  favourable  to  oscillation. 
24.  And  these  oscillations  are  extremely  rapid.     The  rapidity 
depends  on  the  inverse  geometric  mean  of  L  and  S,  and  this  is 
practically  almost  independent  of  h.     Referring  back  to  their 
values  we  see  that 

and  so  the  number  of  complete  alternations  per  second  is 


which,  in  the  second  example  of  section  23,  with  A  as  100  square 
metres,  becomes 

3  million  i>er  second.    Digitized  by  Googlc 
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If  the  discharged  area  were  as  great  as  10,000  square  metres,  the 
rate  of  alternation  would  still  be  a  third  of  a  million  per  second. 

Material  of  the  Lightning  Conductor. 

25,  A  few  words  may  suflSce  to  explain  the  nature  of  the 
impedance  which  alternating  currents  meet  with  in  passing^ 
through  a  conductor,  and  of  the  reason  why  iron  is  as  good  as,  or 
even  better  than,  copper  for  the  purpose  of  conveying  currents- 
alternating  with  extreme  rapidity. 

A  rising  current  has  to  magnetise  the  space  all  around  it,  and 
the  production  of  this  magnetisation  delays  and  impedes  the  rise 
of  the  current  to  its  maximum  value.  A  falling  current  permits 
the  magnetisation  of  the  space  all  round  it  to  decay,  and  the 
dying  out  of  this  magnetisation  delays  and  impedes  the  fall  of 
the  current  to  its  minimum.  The  more  rapidly  the  current 
changes,  the  more  powerfully  felt  is  the  influence  of  the  accom- 
panying magnetisations  and  demagnetisations.  Now  the  total 
magnetisation  produced  by  a  current — its  total  number  of  lines- 
of  force,  or  its  total  "  magnetic  induction^'  as  it  is  often  called — 
is  proportional  to  the  current  strength  :  ecjual  to  it  multiplied  by 
some  constant,  which  we  may  call  L,  and  write 

I  =  L  C,  * 
where  I  is  the  total  induction  produced  by  the  current  C.  L. 
is  a  coefficient  characteristic  of  the  circuit,  its  value  being 
defined  by  this  equation,  and  is  called  the  coefficient  of 
induction  excited  by  the  current's  own  self,  or  the  coefficient 
of  self-induction. 

If  the  current  goes  through  p/2  ir  complete  alternations  in  a 
second,  it  can  be  shown  that  the  impedance  it  meets  with,  due  to 
the  reversals  and  re-reversals  of  its  own  magnetic  field,  is  p  It. 

This  is  not  the  whole  obstruction  it  meets  with,  but  it  is  the 
only  part  which  does  not  dissipate  energy  and  cause  its  vibrations 
to  decay.  It  may  be  called  the  inertia  part  of  the  impedance. 
The  remaining  part  of  the  total  impedance  is  resistance,  B,  the 
dissipation  of  energy  coefficient,  defined  by 

heat  per  second  =  E  C* ; 
and  the  total  is  the  resultant  of  these  two  li^' If  fii>9^^efe 
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at  right  angles  to  each  other.     So  that,  calKng  P  the  total 
impedance, 

^..^-^^R  p*  =  Op  ^y  +  K*- 

pL 

Now  in  respect  of  the  R  term,  iron  is  much  worse  than  copper, 
not  only  7  times  worse,  hundreds  of  times  worse ;  but  then  for 
very  rapid  alternations  the  E  term  is  altogether  insignificant 
compared  with  the  p  L  term. 

26.  In  respect  of  the  p  L  term  does  the  material  of  the 
conductor  matter  ? 

Well,  in  so  far  as  the  magnetisation  spoken  of  is  that  of  the 
space  surrounding  the  conductor,  of  course  the  substance  of  the 
conductor  itself  matters  nothing.  But  in  so  far  as  the  conductor 
itself  gets  magnetised,  the  material  of  which  it  is  made  does 
matter.  Now  a  linear  current  magnetises  at  right  angles  to  itself 
everything  surrounding  it — most  intensely  the  things  close  to  it, 
A  hollow  cylindrical  current  magnetises  everything  outside  itself, 
but  nothing  inside.  If  the  current  were  to  distribute  itself 
uniformly  through  the  section  of  the  wire,  the  outside  of  the  wire 
would  get  magnetised  in  concentric  cylinders ;  but  if  the 
current  were  to  confine  itself  to  the  outer  surface,  and  flow  as  a 
hollow  cylinder,  it  would  escape  the  necessity  of  magnetising  the 
wire  at  all.  In  cases  where  the  p  L  term  is  much  more  important 
than  the  R  term  this  is  precisely  what  it  does  therefore.  It 
always  flows  so  as  to  meet  with  the  least  possible  total  obstruction; 
and  it  finds  less  total  obstruction  by  cramping  itself  into  the 
periphery  of  the  wire  than  it  would  find  if  it  utilised  the  whole 
section.  The  cramping  into  the  periphery  increases  R,  but  it 
decreases  p  L ;  and  on  the  whole  with  rapidly  alternating  currents 
this  is  an  advantage,  and  gives  a  smaller  value  to  P. 

Slowly  changing  currents  think  most  about  R,  and  use  the 
biggest  cross-section  they  can  find.  Rapidly  changing  currents 
think  most  about  p  L,  and  avoid  having  to  magnetise  more  than 
they  need.  Especially  must  they  avoid  having  to  magnetise  the 
conductor  if  it  consists  of  iron:  hence  in  that  case  theycranap 
themselves  tremendously  into  its  outer  skin,  and  thereby  avoid 


ItJSy.J  AND  LIGHTNING  PROTECTORS.  401 

having  to  overcome  much  more  total  impedance  than  they  meet 
with  in  the  case  of  copper ;  but  though  they  thus  keep  down 
impedance,  they  increase  their  dissipation  of  energy  term,  and  get 
their  oscillations  damped  out  far  more  quickly  than  when  they 
only  have  to  pass  through  copper.  The  violence  of  the  flash 
therefore  subsides  more  quickly  in  an  iron,  than  it  does  in  a 
copper,  conductor ;  and  so  I  find  it  experimentally. 

Nothing  here  said  is  in  the  least  hypothetical.  It  is  all 
absolutely  clear  and  certain,  and  has  been  abundantly  verified. 
I  will  not  go  into  the  history  of  the  subject.     It  is  well  known. 

27.  Let  it  be  clearly  understood  once  for  all,  that  in  comparing 
copper  and  iron  conductors  I  never  mean  comparing  them  as  of 
unequal  thickness,  i.e.,  of  equal  conductivity.  Such  a  comparison 
is  ridiculous  in  the  present  state  of  knowledge.  They  are  to  be 
compared  when  of  the  same  thickness ;  and  under  those  circum- 
stances I  assert  iron  to  be  a  trifle  better,  certainly  not  a  whit  worse, 
than  copper;  irrespective  of  all  its  other  manifest  advantages, 
•cheapness,  fusing-point,  etc.,  etc.  Want  of  flexibility  is  some- 
times urged  against  iron,  but  stout  telegraph  wire  is  flexible 
enough ;  and,  until  experience  decides  to  the  contrary,  I  feel  sure 
it  is  thick  enough  for  lightning  conductors. 

The  one  and  only  thing  on  which  anything  can  be  said  against 
iron  is  on  the  subject  of  its  durability;  and  this  being  a  chemical 
^[uestion,  I  ofier  no  positive  opinion ;  at  the  same  time  I  am  abso- 
lutely certain  that  any  slight  disadvantage  in  that  respect  is  a 
hundredfold  compensated  in  most  localities  by  its  other  superlative 
^vantages. 

Current  and  Potentials  during  Discharge. 

28.  In  cases  where  a  conductor  is  pretty  thick,  say  anything 
like  a  quarter  inch  diameter,  or  even  a  tenth,  and  of  any  moderate 
length,  such  as  100  yards  or  less  (not  many  miles),  the  two  terms 
of  impedance  are  so  unequal  that  it  is  for  many  purposes  needles? 
to  think  about  R  at  all,  the  impedance  is  practically  p  L  simply ; 
.and  this,  as  I  have  shown  in  FkU.  Mag,,  August,  1887,  is  under 
any  given  circumstances  half  the  critical  resistance  which  deter- 
mines whether  the  discharge  shall  be  oscillatory  or  not  under  the 

VOL.  xvm.  28 
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same  circumstances.    The  total  impedance  is  commonly  to  be 
reckoned  in  hundreds  or  even  thousands  of  ohms. 

29.  The  strength  of  current  passing  in  the  alternations  can  be 
estimated  by  considering  that  the  whole  quantity  stored  up  in  the 
discharged  body  has  to  be  transmitted  in  a  quarter  of  one  oscilla- 
tion period — say,  for  instance,  in  the  millionth  of  a  second.  If 
the  quantity  discharged  were  one  coulomb  this  would  mean  a 
current  of  a  million  amperes.  In  any  case  the  current  must  be 
hundreds  or  thousands  of  amperes. 

30.  The  diflFerence  of  potential  needed  to  drive  so  strong  a 
current  through  so  great  an  obstruction  is  enormous,  being  equal 
to  the  product  P  C,  and  may  be  reckoned  in  millions  or  hundreds 
of  millions  of  volts ;  hence  it  is  that  lightning  conductors  afford 
no  easy  path  for  lightning,  but  that  it  tends  to  spit  off  in  all 
directions,  even  to  what  would  seem,  and  indeed  are,  very  inferior 
conductors.  It  will  spit  off  from  a  well-earthed  stout  copper  rod 
to  bits  of  wood  and  to  perfectly  insulated  bodies. 

Effects  in  the  Neighbourhood  of  a  DischarctE. 

31.  Putting  together  the  enormous  electrostatic  potential? 
existing  at  the  different  points  of  a  conductor  conveying  a  discharge^^ 
and  the  violent  oscillation  to  which  so  strong  a  current  is  subject  9 
we  perceive  how  great  must  be  both  the  electrostatic  and  tlie 
electro-magnetic  induction  in  all  space  anywhere  near  it. 

These  disturbances,  thus  rendered  certain  and  accounted  for, 
can  easily  be  experienced  experimentally.  I  proceed  to  relate  a 
few  experiments  out  of  a  multitude  which  I  have  made. 

32.  I  took  a  considerable  length  of  highest  conductivity  No.  0 
electrolytic  copper  wire,  kindly  lent  me  by  Messrs.  Thos.  Bolton 
&  Sons,  and  arranging  one  end  so  as  to  be  accessible  to  Leyden 
jars,  etc.,  carried  the  wire  up  to  a  high  gallery  and  then  down  to 
earth.  Earth  was  made  in  several  ways  on  different  occasions : 
water  pipes,  gas  pipes,  hot-water  pipes  which  ramified  the  whole 
building,  outside  gas  mains,  bars  buried  in  ground ;  but  the  most 
effective  and  indeed  perfect  return  circuit  could  be  had  when 
wanted  by  connecting  the  end  metallically  with  the  outside  coat 
of  the  jar,  without  any  earth  contact  at  all.     When  this  direct 
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contact  was  not  made,  the  outer  coat  of  jar  had  of  conrse  to  be 
connected  to  earth  also,  in  order  to  complete  the  circuit.  Very 
often  they  were  both  connected  to  each  other  and  to  earth  as  well; 
It  makes  no  essential  difference ;  whatever  may  be  considered  the 
most  satisfactory  method,  that  may  be  adopted,  and  the  phenomena 
will  go  on  just  as  well.  They  may  be  briefly  summarised  as 
follows  :-^ 

(1.)  If  the  conductor  pass  within  an  inch  or  two  of  any 
uninsulated  piece  of  metal,  it  gives  off  a  violent  side 
flash  to  it.* 

If  the  far  end  of  the  conductor  is  neither  earthed 
nor  connected  to  jar,  but  is  left  insulated  in  air,  side- 
flashing  from  it  occurs  a  trifle  more  easily,  but  not  very 
markedly  so. 
(2.)  If  the  conductor  pass  within,  say,  half  an  inch  of  an 
insulated  conductor,  it  gives  off  a  side  flash  to  it ;  the 
strength  of  the  flash  depends  on  the  capacity  of  the 
insulated  conductor,  being  considerable  if  it  be  large ; 
but  some  side  spark  occurs  to  an  absurdly  small  body 
perfectly  insulated,  e.g.j  such  a  thing  as  a  coin  on  a 
stick  of  sealing  wax ;  and  this  when  the  conductor  is 
absolutely  well  earthed  at  its  far  end. 
(3.)  Sparks  can  be  obtained  from  everything,  even  quite 
uninsulated  things,  connected  to  the  conductor:  for 
instance,  if  it  be  connected  to  the  gas  pipes,  small  sparks 
will  fly  to  the  finger  or  to  an  insulated  body  from  all 
the  gas  brackets  about,  and  these  sparks  are  sufficient 
to  ignite  gas. 
(4.)  Sparks  can  be  obtained  between  the  ends  of  any  long 
curved  conductor,  be  it  insulated  or  uninsulated,  if 
they  are  brought  close  enough  together  to  form  a  nearly 
closed  circuit. 
(5.)  Sparks  can  be  obtained  from  or  between  insulated 
bodies  in  the  neighbourhood  of  the  conductor,  and  not 
connected  to  it  at  aU,  every  time  a  flash  occurs. 

*  This  easy  and  strikhig  experiment  I  stupidly  omitted  to^  show  ftt  the 
meeting. 
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For  instance,  a  large  piece  of  wire  gauze  connected 
to  nothing  gave  off  sparks  to  a  gas  bracket  and  ignited 
the  gas.  Moreover,  one  piece  of  wire  gauze  sparked 
«  small  sparks  into  another,  neither  connected  with  any- 
thing. [In  illustration  of  this,  some  giU  key-pcUiem 
high  up  on  the  wall  of  the  haH,  25,  Great  George  Street^ 
was  seen  to  be  sparkiTig  while  Leyden-jar  discharges 
were  going  on  through  a  wire  lying  on  the  floor.  They 
were  not  so  height  as  the  sparHngs  in  the  Royal  InstUu^ 
tion  wall  paper,  hut  the  gilding  was  further  from  my 
wire,  and  I  believe  is  quite  far  from  any  wire.  As 
Hhistrating  the  electric  currents  produced  in  conductors 
during  the  a^t  of  reflecting  electro-magnetic  waves,  they 
were  therefore  still  more  satisfactory.'] 

(6.)  ^Sparks  can  be  obtained  from  quite  uninsulated  bodies, 
even  when  not  connected  with  the  conductor :  e.g.j  firom 
hot-water  pipes,  from  gas  pipes,  from  water  pipes,  from 
strips  of  brass  let  into  the  table,  from  gas  brackets  in 
other  rooms,  from  a  wire  lying  on  the  floor  of  a  distant 
corridor;  and,  in  fact,  all  over  the  building,  with  few 
exceptions.  The  sparks  can  be  taken  by  a  penknife 
held  in  the  hand ;  sometimes  they  can  be  taken  to  the 
knuckle  or  finger-tip  even  when  pressed  against  them. 

(7.)  Sparks  can  be  got  to  pass  between  two  totally  un- 
insulated things,  neither  of  which  have  any  connection 
with  the  lightning  conductor.  For  instance,  let  the 
conductor  be  thoroughly  earthed  in  some  outdoor  and 
distant  manner,  and  under  favourable  circumstances  a 
bright  short  spark  can  be  seen  passing  at  every 
discharge  between  a  gas  tap  and  a  water  tap  of  my 
lecture  table  which  happen  to  approach  each  other 
closely.  Let  the  gas  escape  near  these  sparks  audit 
ignites. 

(8.)  Sparks  can  be  got  between  two  thinly  insulated  electric 
light  wires  if  they  lie  close  enough  together,  and  if  a 
storage  battery  be  connected  to  them  an  arc  will  be 
started,  destroying  the  insulation  and  burning  the  wires. 
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(9.)  If  at  any  distant  place,  or  out  of  doors  in  daytime,  the 
sparks  are  too  feeble  to  be  seen,  disturbances  can  still  be 
easily  detected  by  means  of  a  telephone ;  connecting  one 
terminal  to  the  thing — say,  the  roof  of  a  shed,  or  a  wire 
fence — ^and  holding  the  other  end  in  one  hand.  Or,  of 
course,  by  connecting  the  two  terminals  to  two  different 
things,  or  to  different  parts  of  one  thing. 

(10.)  Arrange  Abel's  fuses  between  gas  and  water  pipes, 
between  pieces  of  wire  gauze  and  gas  pipe,  between  hot- 
water  pipe  and  a  bit  of  sheet  metal,  between  the  light- 
ning conductor  and  a  6-inch  metal  sphere  on  long  glass 
stem,  between  two  large  insulated  bodies,  between  the 
gas  bracket  of  another  room  and  an  empty  Leyden  jar ; 
in  short,  in  almost  any  place,  likely  or  unlikely.  Then 
take  a  few  strong  discharges  through  the  thick  copper 
rod  with  end  well  earthed,  and  the  fuses  will  pop  off, 
some  at  one  discharge,  some  at  another.  Very  visible 
sparks  can  sometimes  be  seen  passing  into  the  fuses, 
if  they  be  not  closely  connected,  without  exploding 
them.  A  certain  energy  of  spark  is  necessary  to  ignite 
the  composition  :  much  more  than  is  sufficient  to  excite 
the  retina. 

Lightning  Protectors. 

33.  Now  let  me  say  a  word  about  the  possibility  of  protecting 
telegraph  and  other  instruments  from  damage  by  lightning 
currents  which  may  have  entered  the  aerial  lines. 

There  is  indeed  no  guarantee  that  burying  wires  beneath  a 
pavement,  or  even  beneath  water,  will  effectually  secure  them 
from  lightning  disturbance,  as  I  have  now  frdly  illustrated,  but 
certainly  overhead  wires  are  more  exposed. 

The  ordinary  and  well-known  form  of  lightning  protecting 
arrangement  is  to  attach  a  pair  of  plates,  or  a  double  set  of 
points,  or  a  pair  of  points  in  a  vacuum,  or  some  other  small  air 
space,  as  a  shunt  to  the  instrument  or  coil  of  wire  to  be  protected. 
Here  are  arrangements  of  the  kind.    Now  it  is  perfectly  easy  to 
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see  that  the  protection  such  things  afford  is  of  the  most  utterly 
imperfect  kind. 

Take  a  coil  of  tangled  silk-covered  wire,  or  any  other  coil  that 
you  don  t  mind  damaging,  and  attach  it  as  a  shunt  to  one  of  these 
protectors.  On  discharging  a  jar  through  it,  the  insulation  of  the 
coil  is  pierced  in  heaps  of  places.  Or  one  may  use  a  short  fine 
wire,  and  see  it  deflagrated  by  the  branch  discharge. 

34.  It  may  be  said  that  my  air  space  is  too  wide.  Very  well, 
then,  abolish  it  altogether.  Bring  the  plates  of  your  protector 
into  direct  metallic  contact.  By  so  doing,  the  coil  is  indeed 
shunted  out  of  the  circuit,  and  if  it  were  a  telegraph  instrument 
no  signal  could  be  given,  for  no  appreciable  fraction  of  the  current 
takes  that  route ;  but  with  a  Leyden-jar  flash  it  is  otherwise. 
Although  the  plates  of  the  protector  are  in  contact,  soldered 
together  if  one  pleases,  and  led  up  to  by  stout  wire  or  rod,  a 
branch  flash  still  breaks  through  the  insulation  of  our  wire  tangle, 
or  deflagrates  our  little  bit  of  thin  wire. 

35.  It  will  be  said  the  joints  are  bad.  Well,  then,  do  without 
joints  ;  take  a  stout  rod  of  electrolytic  copper  bent  in  an  arc,  say, 
2  feet  long,  and,  bridging  it  across  with  the  wire  tangle,  discharge 
a  jar  round  it.  Still  a  portion  takes  the  thin  wire,  even  though  it 
offer  a  path  yards  in  length. 

Take  a  straight  bar  of  copper  an  inch  thick,  and  arrange  an 
invisibly  fine  WoUaston  wire  of  greater  length  as  a  tapping 
circuit.  Some  of  the  discharge  shall  leave  the  bar,  and  spark 
across  a  minute  air  gap  at  each  end,  in  order  to  make  use  of  the 
hair-like  platinum  wire. 

Go  further  still  than  this.  Connect  a  coil  of  thin-covered  wire 
hy  one  end  ovdy  to  a  wire  conveying  a  discharge,  standing  the  reel 
upon  a  block  of  paraffin  or  other  good  insulator,  and  connect  the 
other  end  to  any  little  thing  of  any  capacity  at  all — ^say,  a  bullet 
lying  on  the  block  of  paraffin :  you  can  see  sparkings  through  the 
insulation  of  the  wire  on  the  reel  at  every  discharge. 

These  experiments  render  manifest  the  hopelessness  of  any 
simple  shunt  arrangement  as  a  lightning  protector. 

36.  The  easiest  mode  of  exhibiting  the  essentials  of  these 
experiments — one  that  can   be  tried  by  any  one  possessing  a 
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Leyden  jai*,  a  pair  of  discharging  tongs,  and  a  yard  or  two  of  fine 
eilk-covered  wire — is  to  hang  a  tangle  of  the  wire  loosely  on  to  the 
tongs,  not  necessarily  making  any  sort  of  good  contact,  and  then 
use  them  to  discharge  a  jar  in  the  very  ordinary  way.  Some  of 
the  flash  will  take  the  thin  wire,  and  will  spark  through  the 
insulation  at  a  number  of  points  (Fig.  3). 

37.  It  may  be  very  well  objected  to  me  that  it  is  pretty  useless 
if  I  only  point  out  the  imperfection  of  present  methods,  and  offer 
no  suggestion  as  to  a  proper  lightning  protector.  Well,  this 
•struck  me  too,  and  the  result  is  that  I  have  devised  and  made 
what  I  think  I  may  call  an  absolutely  perfect  protector — one  into 
^vhich  great  flashes  may  be  sent,  and  yet  the  galvanometer  or 
instrument  intended  to  be  protected  shall  not  wink,  nor  shall  the 
slightest  palpable  or  visible  disturbance  be  discernible,  notwith- 
standing that  complete  metallic  contact  is  maintained  all  the 
time,  and  not  a  trace  of  the  signalling  or  useful  current  wasted. 

The  thing  seems  so  good  that  I  am  making  it  the  subject  of  a 
l>atent,  and  you  will  therefore  pardon  me  for  saying  no  more 
about  it  just  yet. 

38.  The  next  part  of  this  paper  is  largely  controversial.  1  do 
not  take  much  pleasure  in  this  portion,  and  wish  it  were  unneces- 
sary. But  it  is  a  purely  impersonal  controversy ;  and  so  long  as 
the  old-fashioned  views  are  in  existence,  one  way  of  arriving  at  the 
truth  is  to  try  and  thrash  them  out  of  existence.  If  there  is  any 
real  vitality  in  them,  the  attack  will  fail.  It  will  be  well  believed 
that  I  have  no  feeling  of  hostility  to  the  Lightning-rod  Conference, 
when  my  best  scientific  firiend.  Professor  Carey  Foster,  was  one  of 
its  members.  Had  I  been  one  myself,  I  no  doubt  should  at  that 
time  have  signed  the  very  documents  which  now,  in  a  few  places, 
I  criticise.  Had  I  indeed  so  signed,  I  would  abuse  what  I  now  see 
to  be  its  erroneous  portions  with  still  more  vigour  than  I  now 
permit  myself  to  employ. 

Summary  of  Points  of  Difference  and  Controversy. 

39.  It  ma}'^  be  convenient  here  to  summarise  a  few  of  the 
points  wherein  the  doctrines  which  I  advocate  differ  from  the  views 
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held  by  the  older  electricians.  And  the  summary  will  give  me  an 
opportunity  of  emphasising  the  incorrectness  of  the  older  views  in 
many  instances. 

I  quote  a  few  statements  prefixed  by  capital  letters  from  an 
abstract  I  made  for  the  Electrician  after  the  Bath  meeting  of  the 
British  Association.     (See  Electrician^  Sept.  21  and  28,  1888.) 

A.  Rods  as  at  present  constructed,  though  frequently  successful, 
may  and  do  sometimes  fail,  even  though  their  earth  is  thoroughly 
good ;  the  reason  being  that  they  offer  to  a  flash  a  much  greater 
obstruction — a  much  worse  path— than  is  usually  supposed:  aji 
obstruction  to  be  reckoned  in  hundreds  or  thousands  of  ohms, 
even  for  a  very  thick  copper  rod.  N.B. — This  is  not  resistance 
proper,  but  impedance. 

I  may  be  permitted  here  to  repudiate  the  doctrine  which  has 
several  times  been  attributed  to  me  since  the  Bath  meeting,  that 
it  is  safest  to  be  without  lightning  conductors  altogether.  The 
long  experience  of  persons  learned  in  this  art  is  by  no  means  to 
be  despised,  and  until  an  agreement  as  to  improvements  has  been 
iirrived  at,  the  safest  plan  for  ordinary  persons  is  to  adhere  to 
existing  practice.  Nevertheless,  that  conductors  sometimes  feil, 
is  as  certain  as  that  they  often  succeed.  My  statement  is  that 
customary  arrangements  are  not  perfect,  and  are  susceptible  of 
improvement.  The  statement  of  the  Lightning-rod  Conference  is 
that  "  there  is  no  authentic  case  on  record  where  a  properly  con- 
"  structed  conductor  failed  to  do  its  duty."  ]Mr.  Preece  calls  the 
statement  "  most  decisive."  It  is  certainly  decided,  and  in  the 
light  of  other  matter  contained  in  the  same  red  covers  I  assert  it 
to  be  in  its  natural  and  intended  signification  decidedly  false. 
The  only  signification  which  makes  it  true  makes  it  also  senseless ; 
as  if  one  should  record  the  statement  that  white  things  are  white. 
In  my  Society  of  Arts  lectures,  I  said  nothing  against  the  report 
of  the  Lightning-rod  Conference,  because  the  work  done  by  that 
body,  in  collecting  information,  abstracting  papers,  and  recording 
instances,  was  obviously  very  valuable,  and  much  of  the  report, 
itself  is  correct ;  while  as  for  the  occasional  rash  statements  in 
that  document  I  imagined  the  signatories  would  wish  them  to 
sink  into  oblivion  in  silence.     But  Air.  Preece  has  revivified  them. 
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and  conspicuously  made  himself  afresh  responsible  for  them;* 
accordingly  I  now  extract  one  or  two  more  sufficiently  dogmatic 
and  unfortunate  statements  from  the  same  source* 

"A  man  may  with  perfect  impunity  clasp  a  copper  rod  an 
**  inch  in  diameter,  the  bottom  of  which  is  well  connected  with 
*'  moist  earth,  while  the  top  of  it  receives  a  violent  flash  of 
"  lightning." 

"If  all  these  conditions  be  fulfilled;  if  the  point  be  high 
**  enough  to  be  the  most  salient  feature  of  the  building, 
'*  no  matter  from  what  direction  the  storm  may  come,  be  of 
**  ample  dimensions,  and  in  thoroughly  perfect  electrical  con- 
**  nection  with  the  etirth,  the  edifice  with  all  it  contains  will 
**  be  safe,  and  the  conductor  might  even  be  surrounded  by 
**  gunpowder  in  the  heaviest  storm  without  risk  or  danger."^ 
To  adhere  to  such  views  as  these  now,  with  tenacity  sufficient  to 
cause  them  to  be  promulgated  as  authoritative  scientific  state- 
ments, would  be,  in  my  opinion,  little  less  than  criminal. 

"  All  accidents  may  be  said  to  be  due  to  a  neglect  of  these 
"  simple  elementary  principles."  Certainly  this  " may  he  aaidy^ 
because  it  already  has  been  said  over  and  over  again;  but  it 
cannot  be  said  with  truth. 

Whenever  an  accident  happens,  a  believer  in  the  modem 
exponents  of  the  Lightning-rod  Conference  who  could  not  point 
out  a  flaw,  or  a  bad  joint,  or  a  bad  earth ;  or  a  possible  flaw,  or  a 
possible  bad  joint,  or  a  possible  bad  earth ;  would  feel  himself 
disgraced  as  a  practical  man.  An  instance  occurred  in  quite  a 
recent  number  of  Natv/re^  The  writer  of  "Electrical  Notes" 
records  that  a  number  of  fish  had  been  killed  in  a  pond  into 
which  the  earth  end  of  a  conductor  had  been  led,  and  concludes 
with  the  ejaculation,  "  When  will  people  learn  to  make  proper 
"  earth  connections  ?  "  I  select  this  instance  as  tjrpical  of  the 
extraordinarily  contradictory  advice  often  bestowed  on  that  long- 
suffering  body  the  British  Public.     Before  an  accident,  the  pond 


*  Saying  at  JBath,  as  a  prelude  to  a  quotation  from  the  Report,  « The 
**  Beport  itself  is  most  decisive  and  most  important;  there  is  a  true  ring  about 
««it — the  ring  of  men  who  knew  what  they  had  done,  and  what  they  were 
«« writing  about."  ~"^  <^~ 
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would  be  pointed  out  as  an  excellent  earth,  as  indeed  it  most 
likely  was.  After  the  slaughter  of  the  fish,  the  erector  of 
conductor  is  imperaonally  ridiculed  for  having  utilised  it.  So 
with  any  struck  building.  After  an  accident  defects  must  be 
forthcoming,  because  else  there  would  be  "  an  authentic  case  on 
**  record  where  a  properly  constructed  conductor  failed  to  do  its 
**  duty,"  which  ex  hypoihesi  is  absurd  and  impossible ;  therefore 
it  was  not  constructed  in  accordance  with  the  directions  of  the 
Jjightning-rod  Conference,  therefore  it  was  defective.    Q.E.D, 

B.  When  a  Leyden  jar  is  charged  it  corresponds  to  a  bent 
spring,  and  its  discharge  corresponds  to  the  release  of  the  spring. 
Its  discharge  current  alternates,  therefore,  in  the  same  way  and 
for  much  the  same  reason  as  a  twitched  reed  or  tuning-fork 
vibrates.  The  vibrations  decay  in  either  case  because  of  frictional 
heat  production,  and  because  of  the  emission  of  waves  into  the 
surrounding  medium.  A  single  spark  of  a  Leyden  jar,  examined 
in  an  exceedingly  fast  revolving  mirror,  is  visibly  drawn  out  into 
a  close  succession  of  oppositely-directed  discharges,  although  its 
whole  duration  is  so  excessively  minute. 

It  is  very  likely  that  this  statement  will  now  no  longer  be 
denied.     So  I  pass  to  the  next. 

C.  A  lightning  flash  is  a  spark  between  cloud  and  earth, 
which  are  two  oppositely  electrified  flat  surfaces,  and  the  flash 
•corresponds  therefore  to  the  internal  sparking  between  the  two 
l)lates  of  a  great  air  condenser.  All  the  conditions  which  apply 
to  a  Leyden  jar  under  these  circumstances  are  liable  to  be  true 
for  lightning.  Sometimes  the  resistance  met  with,  either  in 
the  cloud  itself  or  in  the  discharger,  may  be  so  great  that  the 
^park  ceases  to  be  oscillatory,  and  degenerates  into  a  fizz  or  rapid 
leak;  but  there  can  be  no  guarantee  that  it  shall  always  take 
this  easily  manageable  form ;  and  it  is  necessary  in  erecting 
protectors  to  be  prepared  for  the  worst  and  most  dangerous 
form  of  sudden  discharge.  The  apparent  duration  of  a  lightning 
flash  is  due  to  its  frequently  multiple  character,  and  indicates 
successive  discharges,  not  one  long-drawn-out  one.  Nothing  that 
lightning  has  been  found  to  do  disproves  its  oscillatory  character ; 
because  Leyden  jar  discharges,  which  are  certainly  oscillatory, 
•can  do  precisely  the  same. 


1889.]  AND  LIGHTNING  PROTB0TOE8.  411 

This  was  in  answer  to  A[r.  Preece's  contention  that  lightning 
<30uld  not  be  oscillatory,  because  it  magnetised  steel  bars  and 
deflected  ships'  compasses.  The  next  is  an  antidote  to  the 
continually  made  statement  that  the  one  thing  needful  for  an 
efficient  lightning  conductor  is  conductivity. 

D.  Although  some  conductivity  is  necessary  for  a  lightning 
conductor,  its  amount  is  of  far  less  consequence  than  might  be 
expected.  The  obstruction  met  with  by  an  alternating  or  rapidly 
varying  discharge  depends  much  more  on  electro-magnetic 
inertia  or  self-induction  than  upon  common  resistance.  So 
much  obstruction  is  due  to  this  inertia,  that  a  trifle  more  or 
less  of  frictional  resistance,  in  addition,  matters  practically  not  at 
all.  It  is  very  desirable  to  have  a  good  and  deep  earth  in  order  to 
protect  foundations  and  gas  and  water  mains  from  damage,  and 
in  order  to  keep  total  impedance  as  low  as  possible. 

I  find  it  sometimes  thought  that  I  have  argued  against  the 
need  of  a  good  earth.  This  is  not  so.  I  have  argued  against 
the  exclusive  and  exaggerated  attention  that  has  been  paid  to 
this  need. 

In  opposition  to  the  following  statements,  «,  /,  gr,  A,  i,  the 
substance  of  which  may  be  considered  as  hitherto  orthodox,  I 
make  the  statements  subsequent,  labelled  JF,  F,  ff,  JT,  / : — 

e.  No  dauger  is  to  be  feared  from  a  lightning  conductor  if  only  it  be  weU 
earthed  and  be  sufficiently  massive  not  to  be  melted  by  a  discharge.  All 
masses  of  metal  should  be  connected  to  it,  that  they  may  be  electrically 
drained  to  earth. 

/.  The  shape  of  the  sectional  area  of  a  conductor  is  quite  immaterial ;  its 
carrying  power  has  nothing  to  do  with  extent  of  surface ;  nothing  matters  in 
the  rod  itself  but  sectional  area  or  weight  per  foot  run,  and  conductivity. 

g.  Points,  if  sharp,  should  constitute  so  great  a  protection  that  violent 
flashes  to  them  ought  never  to  occur. 

h.  Lightning  condactors,  if  frequently  tested  for  continuity  and  low 
resistance  by  ordinary  galvanic  currents,  are  bound  to  carry  off  any  charge 
likely  to  strike  them,  and  are  absolutely  to  be  depended  upon.  The  eanett 
path  protects  all  other  possible  paths. 

«'.  A  certain  space  contiguous  to  a  lightning  rod  is  completely  protected 
by  it,  so  that  if  the  rod  be  raised  high  enough  a  building  in  this  protected 
aregion  is  perfectly  safe.  ^ 
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These  statements  I  say  are  erroneous.  The  following  I 
believe  to  be  correct : — 

E.  The  obstruction  offered  by  a  lightning  rod  to  a  discbarge 
being  so  great,  and  the  current  passing  through  it  at  the  instant 
of  a  flash  being  enormous,  a  very  high  difference  of  potential 
exists  between  every  point  of  the  conductor  and  the  earth,  how- 
ever well  the  two  are  connected ;  hence  the  neighbourhood  of  a 
lightning  conductor  is  always  dangerous  during  a  storm,  and 
great  circumspection  must  be  exercised  as  to  what  metallic 
conductors  are  wittingly  or  unwittingly  brought  near  or  into 
contact  with  it.  When  a  building  is  struck,  the  oscillations 
and  surgings  all  through  its  neighbourhood  are  so  violent  that 
every  piece  of  metal  is  liable  to  give  off  sparks,  and  gas  may 
be  lighted  even  in  neighbouring  houses.  If  one  end  of  a  rain- 
water gutter  is  attached  to  a  struck  lightning  conductor,  the 
other  end  is  almost  certain  to  spit  off  a  long  spark,  unless  it 
also  is  metallically  connected.  Electric  charges  splash  about  in 
a  struck  mass  of  metal,  as  does  the  sea  during  an  earthquake  or 
when  a  mountain  top  drops  into  it.*  Even  a  small  spark  near 
combustible  substances  is  to  be  dreaded. 

F,  The  electrical  disturbance  is  conveyed  to  a  conductor 
through  the  ether  or  space  surrounding  it;  expressed  more 
simply,  lightning  currents  make  use  of  the  periphery  of  a  con- 
ductor only,  and  so  the  more  surface  it  exposes  the  better- 
Better  than  a  single  rod  or  tape  is  a  number  of  separate  lengths 
of  wire,  each  thick  enough  not  to  be  easily  melted,  and  well 
separated  so  as  not  to  interfere  with  each  other  by  mutual 
induction. 

The  liability  of  rods  to  be  melted  by  a  flash  can  be  easOy 
over-estimated.  A  rod  usually  fails  by  reason  of  its  inertia-like 
obstruction,  and  consequent  inability  to  carry  off  the  charge^ 
without  spittings  and  side  flashes ;  it  very  seldom  fails  by  reascHi 
of  being  melted.  In  cases  where  a  thin  wire  has  got  melted,  the 
energy  has  been  largely  dissipated  in  the  effort,  and  it  has  acted 
as  an  efficient  protector ;  though,  of  course,  for  that  time  only- 
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Liarge  sectional  area  offers  very  little  advantage  over  moderately 
small  sectional  area,  such  as  No.  5  B.W.G. 

G.  Points,  if  numerous  enough,  serve  a  very  useful  purpose 
in  neutralising  the  charge  of  a  thunder-cloud  hovering  over 
them,  and  thus  often  prevent  a  flash ;  but  there  are  occasions, 
easily  imitated  in  the  laboratory,  when  they  are  of  no  avail :  for 
instance,  when  one  upper  cloud  sparks  into  a  lower  one,  which 
then  suddenly  overflows  to  earth.  In  the  case  of  these  sudden 
rushes,  there  is  no  time  for  a  path  to  be  prepared  by  induction, 
no  time  for  points  to  exert  any  protective  influence,  and  points 
thefn  get  struck  by  a  violent  flash  just  as  if  they  were  knobs. 
Discharges  of  this  kind  are  the  only  ones  likely  to  occur  during 
a  violent  shower,  because  all  leisurely  effects  would  be  neutralised 
by  the  rain-drops  better  than  by  an  infinitude  of  points. 

H.  The  path  chosen  by  a  galvanic  current  is  no  secure 
indication  of  the  course  which  will  be  taken  by  a  lightning 
flash.  The  course  of  a  trickle  down  a  hill-side  does  not  deter- 
mine the  path  of  an  avalanche.  Lightning  will  not  select  the 
easiest  path  alone  ;  it  can  distribute  itself  among  any  number  of 
possible  paths,  and  can  make  paths  for  itself.  Ordinary  testing 
of  conductors  is  therefore  no  guarantee  of  safety,  and  may  be 
misleading.  At  the  same  time  it  is  quite  right  to  have  some 
system  of  testing  and  of  inspection,  else  rust  and  building 
alterations  may  render  any  protector  useless. 

7.  There  is  no  space  near  a  rod  which  can  be  definitely 
styled  an  area  of  protection,  for  it  is  possible  to  receive  violent 
sparks  or  shocks  from  the  conductor  itself;  not  to  speak  of  the 
innumerable  secondary  discharges  which,  by  reason  of  electro- 
kinetic  momentum  and  induction,  by  reason  of  electro-magnetic 
waves,  and  of  the  curious  recently  discovered  effect  of  the  ultra- 
violet light  of  a  spark,  are  liable  to  occur  as  secondary  effects 
in  the  wake  of  the  main  flash. 

Instructive  Extracts  from  Keports  of  Damage  by  Lightning. 

40.  Reading  between  the  lines  of  existing  reports  on  damage 
done,  one  can  frequently  find  evidence  of  many  of  the  phenomena 
to  which  I  have  now  called  attention.    Of  course  they  are  notB 
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recorded  in  any  prominent  manner,  because  they  are  to  the 
observers  ill-understood  and  puzzling  facts :  it  is  very  difficult  to 
note  what  has  exactly  happened  in  any  given  case  unless  some 
clue  or  expectation  has  been  formed  beforehand.  The  bad 
conductivity  clue,  which  was  the  only  one  prominently  available 
to  the  skilled  recorders  in  the  following  cases,  is  a  very  partial 
one,  and  in  many  cases  is  quite  insufficient  to  account  for  the 
facts  without  undue  pressure  being  put  upon  it. 

Under  such  circumstances  the  record  of  the  facts  is  of  coarse 
far  more  valuable  than  the  comments  made  upon  that  record; 
and  in  the  following  extracts  the  theoretical  remarks  should  be 
eliminated  or  slurred  over. 

One  minor  imperfection,  common  to  many  accounts,  is  that 
they  are  not  sufficiently  alive  to  the  possibility  of  all  manner  of 
branching  discharges :  so  that  the  discharge  is  said  to  leave  a  con- 
ductor and  go  to  something  else,  when  the  truer  statement  would 
be  that  some  jpcni.ion  of  it  branched  off  at  such  and  such  a  point. 

In  the  following  quotations  the  references  are  usually  to  the 
pages  of  the  volume  of  the  Lightning-rod  Conference,  published 
by  Spon  in  1882  :— 

41.  Illustrating  Side  Flashes  and  Surging  Circuits. 

**i.i2.C.,  p.  39. — /.  MurgcUroyd.  SL  Mai^s^  OmmpmUy 
mea/r  Manchester. — A  lightning  conductor  from  spire  touched  the 
eaves  gutter,  and  a  gas  pipe  touched  the  end  of  this  gutter.  The 
lightning  passed  from  the  conductor  along  the  gutter  to  the  gas 
l)ipe,  melted  it,  and  set  the  church  on  fire  by  igniting  the  gas.'' 

"  L.R.G.,  p.  39. — Wyait  Pajw(;ar^A.— Tall  spire  struck.  The 
church  stands  in  an  open  jwsition  with  no  large  trees  near.  It 
was  provided  with  an  iron  lightning  conductor  J  in.  diam.,  fixed 
with  iron  holdfasts,  and  carried  down  inside  the  spire  and  tower 
into  ground ;  the  top  of  it  was  said  to  be  attached  to  a  bold  copper 
finial  on  the  spire  about  150  feet  from  the  ground,  and  50  feet 
above  ridge  of  roof;  the  lightning  is  supposed  to  have  first  struck 
the  finial,  it  slightly  deranged  some  beds  of  masonry  in  upper 
part  of  spire,  then  descended  by  iron  rod  to  belfry,  melted  a  gas 
tube  in  the  floor,  and  set  fire  to  the  belfry  by  igniting  the  gas." 
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JFranv  Abstract  of  Rep(yrt  on  the  Destruction  by  Lightning  of  a 
Ounpowder  Store  at  Bmintdiffe^  Yorkshire.  By  Major  Y.  I). 
Majendie,  RA.    {LJi.C.y  p.  77.) 

**  The  gunpowder  exploded  at  4.30  p.m.  on  August  6,  1878, 
during  the  greatest  intensity  of  a  violent  thunderstorm.  The 
building  was  brick,  with  brick  arched  roof,  length  9  feet, 
width  5  feet,  height  6  feet  (internal  dimensions).  The  store 
had  a  uniform  thickness  of  three  bricks,  and  was  furnished  at  one 
end  with  an  iron  door,  at  the  other  end  with  a  lightning 
conductor.  The  conductor  consisted  of  a  copper  wire  rope, 
10  gauge  copper  wire,  the  rope  being  yV  iiich  thick,  having  four 
points  at  the  top  (one  large  one  in  the  centre,  and  three  smaller- 
ones  round  it) ;  it  extended  to  about  13  feet  above  the  top  of  the 
building,  and  about  the  same  length  was  carried  into  the  ground 
and  terminated  in  a  drain.  The  conductor  had  been  erected  in 
1876  by  Mr.  John  Bisby,  of  Leeds,  and  was  fixed  to  a  pole 
distant  about  2  inches  from  the  end  of  the  building  opposite 
to  that  in  which  the  iron  door  was  fixed  (it  was  not  connected 
with  the  iron  door  in  any  way).  No  one  was  near  the  store  when 
the  powder  exploded,  and  it  seems  probable  that  [the  earth 
connection  of  the  conductor  was  bad,  that]  the  mass  of  iron  in 
the  door  offered  at  least  an  equally  good  path — ^and  that  the 
gunpowder  was  ignited  by  a  flash  passing  between  the  two 
imperfect  conductors." 

To  make  this  report  more  completely  scientific,  it  would  be 
well  to  omit  the  words  I  have  put  in  square  brackets. 

Extrax^t  froni  a  reply  of  Mr.  Baldwin  Latham,  G.E. : — 

"  It  is  no  uncommon  thing  for  buildings  provided  with  what 
are  called  lightning  conductors  to  be  damaged  by  lightning,  and 
the  cause  is  due  to  the  inadequacy  of  the  conductor  to  carry  the 
electric  fluid,  which  will  leave  the  conductor  for  a  better  or  a 
larger  conductor."    (See  also  sec.  43.) 

42.  As  illustrating  that  a  good  conductor  affords  no  absolute 
security,  the  following  document  is  worthy  of  reproduction  in 
full,  as  given  in  L.R.O.,  p.  115  :—  . . .  _  OOgle 
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*^  Ueber  BlUzableiter  und  Blitzachlage  in  Gehdvde  weLche  mit 
Blitzableitem  versehen  waren.  Von  G.  Karsten.  KeiL  8vo. 
1887.     {Abstracted  by  R.  Van  der  BroeL) 

"  In  this  pamphlet  Dr.  Karsten  gives  an  account  of  two  cases 
in  which  buildings  that  were  provided  with  lightning  conductors 
were  damaged  by  lightning.  The  author  states  that  the  statistics 
for  the  year  1873  show  that  in  Schleswig-Holstein  twenty-six  p^ 
cent,  of  all  the  cases  of  fire  were  caused  by  lightning ;  YT(r  part 
of  these  cases  occurred  in  the  towns  and  the  remainder  in  the 
country. 

"  Do  lightning  conductors  guarantee  absolute  protection  ? 
The  author  answers  this  question  as  follows  : — ^There  is  no 
absolute  certainty  in  empirical  matters  ;  each  new  case  may 
direct  our  attention  to  circumstances  that  had  been  overlooked. 
If  lightning  conductors  cannot  be  said  to  ensure  perfect  safety^ 
they  certainly  aflFord  a  very  high  degree  of  protection. 

"  The  flash  of  lightning  which  struck  the  church  at  Grarding, 
on  the  18th  of  May,  1877,  fractured  the  conductor  in  fifteen 
places,  and  pierced  the  wall  of  the  steeple  in  two  places.  The 
ineflBiciency  of  the  conductor  resulted  from  the  carelessness  with 
which  it  was  fixed ;  the  line  was  laid  down  the  north  side  of  the 
steeple  and  fastened  with  twenty-five  wall  eyes ;  these  wall  eyes 
were  hammered  too  deep  into  the  wall,  thus  damaging  the  line 
and  forming  a  short  and  sharp  bend  in  each  case,  besides  also 
unduly  straining  the  wire.  The  damage  to  the  steeple  was  the 
consequence  of  a  neglected  secondary  circuit.  There  are  an 
excessively  large  number  of  tie-rods  in  the  steeple ;  the  heads  of 
these  rods  are  not  connected  together,  neither  are  they,  except 
in  one  case,  in  close  proximity  to  any  of  the  larger  masses  of 
metal  that  are  about  the  building.  The  conductor  passed  close 
to  one  of  those  heads ;  the  south  side  of  the  steeple,  where  the 
opposite  head  is,  becoming  wet  through  the  rain,  a  secondary 
circuit  was  formed,  and  a  return  shock  followed  ;  the  damage  to 
the  steeple  was  trifling. 

"  The  rod  was  provided  with  a  conical  point,  rather  blunt^  but 
surmounted  by  a  short  platinum  point.     The  copper  line*wire 
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Tras  of  good  material — ^not  of  a  uniform  thickness,  but  at  the 
weakest  places  not  weighing  less  than  240  grammes  per  lineal 
metre  (8  oz.  per  yard,  or  rather  less  than  J  inch  diameter  if  solid). 
The  earth-plate  was  sunk  into  a  well  10  metres  deep,  and  tested 
faultless  after  the  discharge/' 

43.  The  following  series  of  notes  are  better  not  separated, 
though  they  bear  upon  diflFerent  points  :— 

L.R.C.J  p.  93  d  aeq. — From  Abstract  of  Staiistica  of  BuUdinge 
and  Ships  struck  by  Lightning:  By  F.  Duprezy  Membefr  of 
the  Academy. 

'  lUAislraJtvag  occult  dangers  from  secondary  ddstv/rbances  in  the 
neighbourhood  of  condv/^tors, 

**  The  author  cites  three  cases  of  buildings  set  on  fire 
though  protected  by  lightning  rods.  But  the  precise  cause 
of  the  fire  was  not  ascertained/' 

lUustrating  multiple  flashes. 

"  In  each  of  two  cases  the  lightning  struck  at  once  the 
three  rods  fixed  to  a  building." 

Illustrating  that  a  poor  earth  is  not  necessa/rily  faial  to  the 
effimency  of  the  conductor^  except  as  to  the  protection  of  the 
soil  itself  and  of  things  buried  in  it. 

"  Out  of  fifteen  cases  of  lightning  rods  struck,  in  which 
the  conductors  were  simply  buried  more  or  less  in  the  soil, 
they  carried  off  the  strokes  in  eleven  without  the  buildings 
being  injured  or  any  trace  being  left  of  it,  except  that  the 
ground  was  upheaved  where  the  latter  was  too  dry." 

lUnstrating  a  matter  vniportanty  if  true :  suggested  by  Professor 
Fitzgerald  theoretically  al  Balh :  not  yet  verified  by  me. 

"  In  two  cases  the  stroke  broke  the  conductor  at  points 
where  its  direction  was  abruptly  changed." 

JUustrating  side  flash. 

"  In  two  other  cases  the  lightning  left  the  conductors 
struck,  and  fell  upon  buildings  near,  without  causing  damage 

to  those  on  which  the  rods  were  fixed."  , , glc 

VOL.  xvm.  29 
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Illustrating    hruah  discharge  from    coTidudor^    and   surging 
ci/rcuits  its  neighbourhood. 

"Two  electrical  phenomenii  are  to  be  noted  as  some- 
times occurring  when  a  lightning  rod  is  strack«  First,  when 
a  conductor  is  formed  of  metallic  plates  a  peculiar  noise  is 
heard  like  water  pouring  on  a  fire.  Second  (independently 
of  the  form  of  the  conductor),  electric  sparks  are  emitted 
from  bodies  near.  The  author  cites  examples  at  Beme^ 
1815." 

44.  The  following  illustrate  the  carrying  power  of  feirly  thin 
wire,  and  the  fact  that  thin  wires  may  protect  although  them- 
selves deflagrated.  Fro^m  Mr.  Preece^s  paper  on  "  Lightning  "  to 
Society  of  Telegraph  EngiTieerSyNovembeTy  1872(i.-B.C.,p.l01): — 
"  There  were  only  two  cases  in  the  past  season  where  line  wires 
(No.  8  iron,  0*17  in.  diam.)  were  absolutely  fused." 

From  letter  by  Admiral  SuUivam,  {L.tLG.,  p.  195) : — "  You 
will  like  to  know  a  case  in  which  a  copper  wire  acted  as  a  perfect 
conductor,  though  fused  throughout  its  length.    It  was  at  Monte 
Video,  in  the  house  of  the  English  Consul ;  a  flag-staff  was  struck 
and  conducted  the  lightning  through  a  flat  roof  near  the  bell  wire 
of  a  suite  of  rooms  (the  wire  ran  in  sight  near  the  cornice) 
through  a  hole  in  each  dividing  wall,  and  then  down  to  the  bell 
in  the  basement:  the  wire  was  melted  into  drops  like  shot» 
which  burnt  a  row  of  small  holes  in  the  carpet  of  each  room.     A 
dark  mark  on  the  cornice  above  showed  where  the  wire  had  been. 
At  the  bell  there  was  a  slight  explosion  and  some  little  damage, 
but  I  do  not  recollect  whether  anything  acted  partially  as  a 
conductor  from  that  point  and  so  ccuried  off  that  part  of  the 
charge. 

"  This,  I  think,  shows  that  even  an  ordinary  bell  wire  will  act 
as  a  conductor  for  a  rather  strong  stroke  of  lightning,  as  the 
large  flag-staff  was  shattered." 

45.  As  illustrating  that  experience  has  led  to  the  perception 
of  the  value  of  large  surface  to  a  rod,  I  may  quote  the  standard 
American  work.  Spang' s  "  Practical  Treatise  on  Lightning  Con- 
doctors."    Philadelphia^  1887  (L.R.G.^  p.  113):— 

*^  A  conductor  of  large  surface  exercises  a  much  greater  pro* 
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tective  action  than  the  same  quality  of  metal  in  the  form  of  a 
wire  or  solid  rod, 

'^  Not  because  electricity  in  motion  resides  on  the  sur&ce,  but 
that  the  expansive  action  of  a  discharge  may  have  a  wider  scope 
through  the  metal/' 

[The  incoherence  of  the  reason  does  not  destroy  the  correct- 
ness of  the  stated  fact.] 

Messrs.  D.  Munson  &  Co.,  of  Indianapolis,  Indiana,  have  sent 
me  specimens  of  their  rods,  which  have  flanges  and  sharp  edges, 
and  in  various  ways  aim  at  large  surface.  Their  rods  are  com- 
posed of  copper  and  iron  mixed,  which  is  curious,  and  their  mode 
of  attainment  of  large  surface  is  needlessly  complex. 

The  following  illustrates  the  contradictory  views  about  manner 
of  conduction  by  lightning  rods.  Letter  frovn  Ad/miral  SvUivan 
{L.R.G.,  p.  199)  :— 

"  I  firmly  believe  in  the  surface  theory  of  Harris.  I  had  been 
with  him  often  when  he  made  experiments  nearly  fifty  years 
since,  and  witnessed  a  strip  of  tinfoil  of  the  thinnest  kind,  and 
about  i  inch  wide,  protect  a  model  mast  of  about  six  inches  in 
diameter  from  electric  shock,  that  without  it  split  the  mast  to 
pieces,  aided  by  a  small  hole  through  its  centre  filled  with  gun- 
powder«  And  I  always  thought  that  the  surface-conducting 
tbeory  of  Harris  was  indisputable.  But  about  20  years  since, 
having  to  approve  a  proposal  of  the  Trinity  House  for  a  new  con- 
ductor of  a  lighthouse,  which,  like  previous  ones,  was  an  inch  in 
diameter  copper  rod  called  *  Faraday's  Plan,'  I  thought  I  would 
go  up  to  the  Royal  Institution  and  ask  him  why  he  did  not  use 
a  copper  tube  instead,  giving  much  greater  conducting  power 
with  less  copper.  I  did  so,  and  he  asserted  positively  that  the 
conducting  power  depended  entirely  on  the  volume  of  copper  in 
the  section  of  the  conductor,  no  matter  whether  it  was  in  a  bolt, 
plates,  or  tube;  and  that  if  Harris  said  difierently,  *he  knows 
nothing  whatever  about  it;'  of  course  I  approved  the  rod-con- 
ductor. But  singularly  enough,  though  I  had  not  seen  Harris 
for  years,  he  came  to  town  a  few  days  after,  and  came  to  the 
Board  of  Trade  to  see  me,  and  bring  me  a  piece  of  his  large  tube 
conductor,  with  a  connection  that  he  was  fitting  tp_the_  Houses. 
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of  Parliament.    When  I  told  him  what  Faraday's  opinion  xrss,  he 
answered,  *  Then  he  knows  nothing  .about  it.' " 

46.  I  may  call  attention  to  some  apparently  sound  doctrines 
in  a  paper  by  Capt.  Bucknill,  R.E.,  abstracted  in  £.12.(7.,  p.  242. 

That  lightning  can  penetrate  into  collieries  is  proved  by  an 
account  of  a  meeting  of  Mining  Engineers  {LJLO*j  p.  237). 

The  same  sort  of  thing  is  illustrated  by  the  accident  at  Bootham 
Bar,  York  (i.B.C.,  p.  219),  when  the  lightning  struck  down  into 
a  cavity  surrounded  by  high  buildings  with  lead  roofs,  iron  rain- 
water pipe,  and  an  iron  portcullis,  to  get  at  a  street  bradcet 
11  ft.  6  in.  above  the  pavement,  melting  its  pipe,  and  setting  a 
house  on  fire  by  the  large  flame  produced  (L.ILG.y  p.  219). 

47.  That  the  existence  of  gas  pipes  make  houses  more  difficult 
to  protect,  and  in  fact  causes  dwelling-houses  to  require  almost 
as  much  attention  as  powder  magazines,  can  be  illustrated  by  a 
good  number  of  extracts.  The  following  may  serve  (i.jR.(7., 
p.  239)  :— 

<^  On  July  13,  1880,  during  a  thunderstorm,  the  large  400- 
light  gas-meter  of  this  mill,  though  locked  up  in  a  cellar,  and 
with  no  light  near  it,  exploded,  and  the  gas,  which  is  supplied 
through  a  4-inch  main,  was  ignited.  This  was  repaired,  but  on 
July  5,  1881,  during  another  thunderstorm,  precisely  the  same 
accident  occurred." 

From  an  interesting  report,  signed  J.  Qavey,  on  damage  to  a 
church  at  Cardiff  (L.R.O.y  p.  218),  I  make  the  following  extract : — 

<^  On  examining  more  closely  the  surroundings  of  the  lightning 
conductor,  I  observed  that  the  church  gas-pipe,  an  iron  one,  about 
1|  inches  in  diameter,  passed  through  the  wall  of  the  building 
about  6  feet  from  the  conductor,  and  was  carried  in  a  direction 
corresponding  with  the  hole  caused  by  the  explosion  (see  plan). 
I  immediately  concluded  that  this  explosion  was  due  to  the 
current  breaking  across  from  the  conductor  to  the  gas-pipe,  and 
on  opening  up  the  hole  I  found  this  to  be  the  fiEtct.  The  conductor 
crossed  the  gas-pipe  at  nearly  a  right  angle,  being  about  a  foot 
above  it.  The  under  portion  of  the  conductor  bore  evident  marks 
of  fusion,  and,  more  interesting  still,  the  gas-pipe  was  slightly 
coated  with  a  very  thin  deposit  of  copper,  so  thin  that  it  perished 
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in  my  attempt  to  remove  it ;  but  still  there  was  an  undoubted 
coating  at  one  spot," 

Continuing  the  account  of  this  kind  of  damage,  the  following 
interesting  remarks  by  Professor  Eirchhoff  have  a  bearing  on  the 
important  practical  question  whether  gas-pipes  should  or  should 
not  be  utilised  for  earth ;  but  their  main  utility  lies  in  the  proof 
afforded  of  the  unique  kind  of  danger  which  gas-pipes  introduce :— 

Injv/ry  to  Gas  a/ad  WaJter  Pipes  by  Lightning* 

The  city  gas  company  of  Berlin,  having  expressed  the  fear  that 
gas-pipes  may  be  injured  by  lightning  passing  down  a  rod  that  is 
connected  with  the  pipes.  Professor  Kirchhoff  has  published  the 
following  reply : — 

**  As  the  erection  of  lightning-rods  is  older  than  the  system  of 
gas  and  water  pipes  as  they  now  exist  in  nearly  all  large  cities, 
we  find  scarcely  anything  in  early  literature  in  regard  to 
connecting  the  earth  end  of  lightning-rods  with  these  metallic 
pipes,  and  in  modem  times  most  manufacturers  of  lightning-rods, 
when  putting  them  up,  pay  no  attention  to  pipes  in  or  near  the 
building  that  is  to  be  protected."  Earchhoff  is  of  the  opinion, 
supported  by  the  views  of  a  series  of  professional  authorities,  that 
the  frequent  recent  cases  of  injury  from  lightning  to  buildings 
that  had  been  protected  for  years  by  their  rods,  are  due  to  a 
neglect  of  these  large  masses  of  metal.  The  Nicolai  Church,  in 
Griefswald,  has  been  frequently  struck  by  lightning,  but  was 
protected  from  injury  by  its  rods.  In  1876,  however,  lightning 
struck  the  tower  and  set  it  on  fire.  A  few  weeks  before,  the 
church  had  had  gas-pipes  put  in  it.  No  one  seems  to  have 
thought  that  the  new  masses  of  metal  which  had  been  brought 
into  the  church  could  have  any  effect  on  the  course  of  the 
lightning,  otherwise  the  lightning-rods  would  have  been  connected 
with  the  gas-pipes,  or  the  earth  connection  been  prolonged  to 
proximity  with  the  pipe.  A  similar  circumstance  occurred  in  the 
Nicolai  Church  in  Stralsund.    The  lightning  destroyed  the  rod  in 


*  See  alio  on  this  subject  two  Abitracta  in  Jbttmol  qf  Institution  of  EUotricdl 
Kna«rf,  No.  77«  vol. 
,  YoUer  respeotively. 


Enyine&n,  No.  77«  vol.  zviii.,  1889,   of  papers  by  Prof.  W.  Kohlransch  9^\q 
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many  places,  although  it  received  several  strokes  in  1856,  and 
conducted  them  safely  to  the  earth.  Here,  too,  the  cause  of 
injury  was  in  the  neglect  of  the  gas-pipes,  which  were  first  laid 
in  the  neighbourhood  of  the  church  in  1856,  shortly  before  the 
lightning  struck  it.  The  injury  done  to  the  school-house  in 
Elmshom,  in  1876,  and  to  the  St.  Lawrence'  Church,  at  Itzehoe, 
in  1877,  both  buildings  being  provided  with  rods,  could  have  been 
avoided  if  the  rods  had  been  connected  with  the  adjacent  gas- 
pipes. 

"  If  it  were  possible,"  says  KirchhoflF,  "  to  make  the  earth 
connection  so  large  that  the  resistance  which  the  electric  current 
meets  with  when  it  leaves  the  metallic  conducting  sur&ce  of  the 
rod  to  enter  the  moist  earth,  or  earth  water,  would  be  zero,  then 
it  would  be  unnecessary  to  connect  the  rods  with  the  gas  and 
water  pipes.  We  are  not  able,  even  at  immense  expense,  to  make 
the  earth  connections  so  large  as  to  compete  with  the  conducting 
power  of  metallic  gas  and  water  pipes,  the  total  length  of  which 
is  frequently  many  miles,  and  the  surface  in  contact  with  the 
moist  earth  is  thousands  of  square  miles.  Hence  the  electric 
current  prefers  for  its  discharge  the  extensive  net  of  the  system 
of  pipes  to  that  of  the  earth  connection  of  the  rods,  and  this  alone 
is  the  cause  of  the  lightning  leaving  its  own  conductor." 

[This,  like  many  another  theoretical  remark,  is  not  to  be  sup- 
posed true. — 0.  L.] 

Regarding  the  fear  that  gas  and  water  pipes  could  be  injured, 
he  further  says :  "  I  know  of  no  case  where  lightning  has  destroyed 
a  gas  or  water  pipe  which  was  connected  with  the  lightning-rod, 
but  I  do  know  cases  already  in  which  the  pipes  were  destroyed  by 
lightning  because  they  were  not  connected  with  it.  In  May, 
1809,  lightning  struck  the  rod  on  Count  von  Seefeld's  castle,  and 
sprang  from  it  to  a  small  water-pipe,  which  was  about  80  metres 
from  the  end  of  the  rod,  and  burst  it.  Another  case  happened  in 
Basel,  July  9,  1849.  In  a  violent  shower  one  stroke  of  lightning 
followed  the  rod  on  a  house  down  into  the  earth,  then  jumped 
from  it  to  a  city  water-pipe,  a  metre  distant,  made  of  cast  iron. 
It  destroyed  several  lengths  of  pipe,  which  were  packed  at  the 
joints  with  pitch  and  hemp.    A  third  case,  which  was  related  to 
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xne  by  Professor  Helmholtz,  occurred  last  year  in  G-ratz.  Then, 
t.oo,  the  lightning  left  the  rod  and  sprang  over  to  the  city  gas- 
pipes  ;  even  a  gas  explosion  is  said  to  have  resulted.  In  all  three 
-cases  the  rods  were  not  connected  with  the  pipes.  If  they  had 
been  connected  the  mechanical  effect  of  lightning  on  the  metallic 
pipes  would  have  been  null  in  the  first  and  third  cases,  and  in  the 
second  the  damage  would  have  been  slight.  If  the  water-pipes 
in  Basel  had  been  joined  with  lead  instead  of  pitch,  no  mechanical 
effect  could  have  been  produced.  The  mechanical  effect  of  an 
electrical  discharge  is  greatest  where  the  electric  fluid  springs 
from  one  body  to  another.  The  wider  this  jump  the  more 
powerful  is  the  mechanical  effect.  The  electrical  discharge  of  a 
thunder-cloud  upon  the  point  of  a  lightning-rod  may  melt  or  bend 
it,  while  the  rod  itself  remains  uninjured.  If  the  conductor, 
however,  is  insuffiaient  to  receive  and  carry  off  the  charge  of 
electricity,  it  will  leap  from  the  conductor  to  another  body. 
Where  the  lightning  leaves  the  conductor,  its  mechanical  effect  is 
again  exerted,  so  that  the  rod  is  torn,  melted,  or  bent.  So,  too, 
is  that  spot  of  the  body  on  which  it  leaps.  .In  the  examples  above 
given  it  was  a  lead  pipe  in  the  first  place,  a  gas-pipe  in  the  last 
place,  to  which  the  lightning  leaped  when  it  left  the  rod,  and 
which  were  destroyed.  Such  injuries  to  water  and  gas  pipes  near 
lightning-rods  must  certainly  be  quite  frequent.  It  would  be 
desirable  to  bring  them  to  light,  so  as  to  obtain  proof  that  it  is 
more  advantageous,  both  for  the  rods  and  the  building  which  it 
protects,  as  well  as  for  the  gas  and  water  pipes,  to  have  both 
intimately  connected.  Finally,  I  would  mention  two  cases  of 
lightning  striking  rods  closely  united  with  the  gas  and  water 
pipes.  The  first  happened  in  Diisseldorf,  July  23,  1878,  on  the 
new  Art  Academy ;  the  other  August  19,  last  year,  at  Steglitz. 
In  both  cases  the  lightning-rod,  the  buildings,  and  the  pipes  were 
uninjured." — Deutschen  BauzeUiing,  (Quoted  in  The  Building 
New8^  September  10,  1880.) 

48.  That  lightning  sometimes  does  things  which  is  on  the 
hitherto  available  views  inexplicable,  is  evidenced  by  the  following 
record  by  one  who,  of  all  others,  made  lightning  conductors  his 
hobby,  who  acquired  an  immense  amount  of  experience  cracerB^lc 
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ing  tbem,  and  to  whom  the  carrying  out  of  probably  the  most 
jjerfect  system  of  protection  in  actual  use  is  largely  due — ^I  mean 
the  late  M.  Melsens  :— 

Note  on  the  Ligktnirig  Flash   at  Antwerp  Railway  StatioUj 
July  lOthy  1865.    By  M.  Melsens.* 

*^I  have  described  this  lightning  stroke,  which  was  very 
harmless,  since  all  the  damage  was  confined  to  the  breaking 
of  a  square  of  glass  in  the  roof  of  the  covered  station  of  the 
railway  at  Antwerp ;  but  in  connection  with  it  I  found  myself 
confronted  by  so  extraordinary  a  phenomenon  that  I  had  to  search 
through  all  the  descriptions  of  lightning  strokes  which  might 
oflfer  a  certain  analogy  to  this  with  which  I  have  to  do.  It  was 
only  on  looking  through  my  notes  again,  and  returning  several 
times  to  the  place,  that  I  have  ventured  to  describe  this  very 
extraordinary  stroke,  and  I  have  only  published  it  after  a  long 
time,  when  it  seemed  to  me  that  I  could  establish  it  upon 
careful  observations  and  experiments  which  seemed  of  a  nature 
to  corroborate  my  conclusions.  [Mention  made  of  19  lightning 
flashes,  which  present  some  analogy  to  that  which  struck  Antwerp 
Station.] 

*^  A  few  words  are  suflBcient  to  show  the  peculiarity  of  the 
phenomenon.  The  lightning  crossed  a  square  of  glass  and 
produced  in  it  a  hole  similar  to  that  which  would  be  produced 
by  a  projectile  thrown  upwards  from  below  at  a  slow  rate,  say 
from  30  to  50  metres  per  second,  and  travelling  from  earth 
towards  the  sky;  the  edges  of  the  hole  were  melted.  I  have 
given  a  description  of  the  experiments  I  made,  together  with 
KuhmkorflF,  to  prove  that  in  reality  lightning  does  travel  from 
the  earth  towards  the  sky;  the  proof  which  I  give  of  it  seems  to 
me  decisive. 

"  The  extraordinary  fact,  as  I  have  remarked,  is  to  see  the 
lightning  pass,  by  means  of  a  very  bad  conductor,  through  a 
square  of  glass  4  millimetres  in  thickness,  forming  a  parallelograin 
of  0"^-  35  X  0°*-  38,  having  angles  of  83°  and  97°. 

•  <*Paratonnerre8 :  Notes  et  Gommentaires,"  par  M.  Melsens.  Brossels,  188S. 
Extracted  from  Beports  of  Belgian  delegates  to  the  Paris  Exhibition,  1881. 


1889.]  AKD  LIGHTNINO  PROTECTORS.  426- 

*^  The  opening  produced  was  at  a  distance  of  some  centimetres 
from  iron  and  lead  conductors,  which  were  in  perfect  metallic 
communication  with  all  the  iron  of  the  station.  The  weight  of 
this  latter  exceeds  120  tons.  But  the  anomaly  does  not  stop 
there :  to  the  right  and  left  of  the  glass  roof  in  which  the  broken 
pane  was,  the  covered  platform  of  the  station  has  a  roof  of  zinc 
No.  13,  presenting  to  the  lightning  a  surface  of  3,000  square 
yards;  the  weight  of  this  zinc  is  not  less  than  15  tons;  the 
three  tall  rods  of  the  lightning  conductor  are  in  immediate 
metallic  contact  with  this  zinc,  and  with  the  conductor,  and  the 
whole  is  connected  to  28  hollow  columns,  serving  to  carry  off 
rain-water.  The  collection  of  these  metals  would  allow  one 
to  suppose  that  they  were  well  adapted  to  carry  oflF  light- 
ning or  any  such  disturbance  easily;  but  in  this  instance  it 
despised  them,  and  chose  a  path  entirely  unexpected.  Let  me 
add  that  there  was  a  shed  some  62  metres  from  the  station  built 
on  hollow  columns  and  iron  framework,  and  the  greater  part  of 
it  roofed  with  zinc ;  moreover,  about  40  metres  on  the  opposite 
side  were  more  sheds  roofed  with  zinc ;  the  metallic  surface  was 
not  less  than  2,000  square  metres.  Moreover,  in  my  investiga- 
tion, I  might  mention  plenty  of  other  metals  in  commimication 
more  or  less  perfect  with  the  earth — grids,  sconces,  gas-pipes,, 
telegraph  wires,  rails,  etc  Besides,  the  whole  of  the  platform 
may  be  considered  as  one  large  lightning  conductor  in  perfect 
communication  with  a  very  damp  earth,  and  offering  hardly  any 
resistance  to  the  passage  of  the  current  from  the  building.'' 

49.  Of  all  the  buildings  in  the  world  not  wholly  made  of 
metal,  the  Hotel  de  Yille  at  Brussels  was  and  is  the  most 
perfectly  and  elaborately  protected.  No  electrician  exists  but 
would  a  year  ago  have  asserted,  had  he  gone  over  it,  that  it  was- 
absurdly  and  exaggeratedly  safe  from  damage  by  lightning. 
Last  July  it  was  struck  and  set  on  fire. 

The  case  has  been  investigated  and  published  in  the  Bulletin 
de  la  SociSU  Beige  d^Electriciens  for  September  and  October,  1888. 

It  seems  to  have  been  owing  to  secondary  or  induced  electric 
surgings  in  a  horizontal  bar  of  metal  totally  disconnected  from 
anything;  not  pretending  to  lead  toward  earth,  and,  being  somor 
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little  distance  below  a  stretch  of  lightning  conductor,  not  oflFering 
itself  as  an  object  to  be  struck.  On  all  the  old  views  it  was  utterly 
insignificant^  However,  as  a  matter  of  fact,  although  not  struck, 
although  it  did  not  (probably)  even  receive  a  side  flash,  yet  the 
induced  surgings  set  up  in  it,  induced  by  Maxwell  and  Heaviside's 
-electro-magnetic  waves,  were  so  violent  as  to  ignite  some  gas  and 
cause  a  small  fire.  Had  it  been  connected  to  the  conductor,  the 
sparking  from  it  would  probably  have  been  still  stronger. 

This  occurrence,  and  certain  sparkings  in  the  wall  paper  of  the 
Royal  Institution  (see  Electrician  or  Nature,  March,  1889), — 
the  sparkings,  too,  in  the  gilding  of  this  present  hall  (sec.  32), — 
are  plain  and  straightforward  intimations  that  the  old  views  on 
the  subject  of  electric  conduction  are  hopelessly,  and  absurdly, 
And  dangerously  inadequate.  It  is  time  that  the  prophets  of 
that  old  superstition  were  slaughtered  by  the  brook  Kishon. 


Practical  Questions. 

50.  There  remains  to  consider  what  is  to  be  the  practical 
outcome  of  all  this.  What  improvements  in  the  erection  and 
testing  of  lightning  conductors  are  possible.  This  is  a  matter 
well  worthy  of  discussion,  and  eminently  suited  to  it.  It  is  a 
matter  on  which  I  have  not  the  slightest  wish  to  be  dogmatic  ; 
And  if  I  make  a  few  apparently  definite  assertions,  it  is  only  by 
way  of  expressing  such  judgment  as  I  have  been  able  to  form  at 
present,  and  they  are  to  be  taken  as  intended  more  by  way  of 
suggestion  and  question  than  anything  else. 

With  this  proviso,  I  should  be  disposed  to  make  some  such 
statements  as  the  following : — 

51.  All  parts  of  a  lightning  conductor,  from  points  to  roots, 
4Bhould  be  of  one  and  the  same  metal,  to  avoid  voltaic  action. 

52.  Joints  should  be  avoided  when  possible,  and  should  be 
made  substantially  when  necessary.  Allowance  for  expansion  and 
•contraction  must  not  be  forgotten. 

53.  Sharp  bends,  and  comers,  and  curves,  and  roundabout 
paths  to  earth  should  be  avoided  as  far  as  possible. 

54.  The  use  of  copper  for  lightning  conductors  is  a  needlesg 
extravagance.  •  igitized  by  vjOO^  ^  _ 
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55.  Iron  has  advantages  over  every  other  metal. 

56.  The  shape  of  cross-section  is  but  little  matter.  Flat 
ribbon  has  a  slight  advantage  over  round  rod,  but  not  enough  to 
override  questions  of  convenience. 

57.  Liability  to  be  deflagrated  by  a  powerful  flash  determines 
the  minimum  allowance  for  size  of  cross-section.  No  considera- 
tion of  conductivity  and  greater  ease  of  path  has  the  least  weight 
in  this  connection. 

58.  It  is  hopeless  to  pretend  to  be  able  to  make  the  lightning 
conductor  so  much  the  easiest  path  that  all  others  are  protected. 
All  possible  paths  will  share  the  discharge  between  them,  and  a 
lot  of  apparently  impossible  ones. 

59.  A  good  and  deep  earth  should  in  general  be  provided, 
independent  of  water  and  ga&  mains. 

60.  If  the  conductor  at  any  part  of  its  course  goes  near  water 
or  gas  mains,  it  is  best  to  connect  it  to  them. 

61.  If  the  place  to  be  protected  has  water  or  gas  pipes  inside 
it,  the  conductor  should  be  connected  to  their  mains  underground. 

62.  At  all  places  where  water  and  gas  pipes  come  near  each 
other,  and,  in  general,  wherever  one  metal  ramification  approaches 
another,  it  is  best  to  connect  them  metallically. 

63.  The  neighbourhood  of  small-bore  fusible  gas-pipes,  and 
indoor  gas-pipes  in  general,  should  be  avoided  in  erecting  a 
lightning  conductor. 

64.  Into  powder  magazines  and  such  like  places  no  gas  or 
water  pipes  should  be  permitted  to  enter,  unless  the  whole  build- 
ing is  made  of  metal,  and  they  are  elaborately  connected  to  it  at 
the  point  where  they  enter. 

65.  It  is  not  wise  to  erect  very  tall  pointed  rods  above  the  roof 
of  a  building. 

66.  A  number  of  points  all  along  the  ridge  of  a  roof  is  better 
than  only  a  few. 

67.  Any  part  of  a  building  is  liable  to  be  struck,  and,  to  make 
quite  secure,  every  prominent  part  of  the  outside  should  have  a 
rod  running  along  it. 

68.  Earth-connected  as  well  as  insulated  bodies  are  liable  to 
gpit  off  sparks.  ""  ^' 
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69.  No  complete  security  can  be  attained  unless  the  whole 
building  be  metal-lined,  floor  and  all. 

70.  In  ordinary  houses  it  may  be  well  to  tiy  and  insulate  the 
lightning  conductor  from  the  walls  so  as  to  lessen  the  chance  of 
side  flash  to  metal  stoves  and  things  inside. 

71.  In  chimneys  it  may  be  well  to  use  insulators  to  protect  the 
bricks  from  concussion. 

72.  The  cheapest  way  of  protecting  an  ordinary  house  is  to 
run  common  galvanised  iron  telegraph  wire  up  all  the  comersy 
along  all  the  ridges  and  eaves,  and  over  all  the  chimneys ;  taking^ 
them  down  to  the  earth  in  several  places,  and  at  each  place  bury- 
ing a  load  of  coke.  Bain-water  spouts  and  other  outside  metal,  if 
all  well  connected  together,  may  likewise  be  utilised. 

73.  Connecting  a  lead  roof  or  other  such  expanse  with  a 
lightning  conductor  is  not  an  unmixed  good,  for  it  virtually 
increases  the  dangerous  proximity  of  the  lightning  conductor^ 
and  may  inadvertently  bring  it  near  to  many  objects  which  else 
might  have  escaped. 

74.  One  of  the  most  difficult  things  is  to  know  what  to 
connect  and  what  to  avoid. 

75.  The  orthodox  rule,  "  Connect  all  pieces  of  metal  to  the 
^'  lightning  conductor,"  requires  modification  thus : — Connect  aU 
pieces  of  metal  to  each  other  and  to  the  earth,  but  not  to  the 
lightning  conductor. 

76.  It  may  be  always  reckoned  safe  to  earth  things  inde^ 
pendently.  It  is  often  not  safe  to  connect  them  to  the  lightnings 
conductor:  6.^.,  an  inside  lining  of  a  chinmey  should  be  well 
earthed,  but  should  not  be  used  as  lightning  conductor  nor  oon^ 
nected  with  it.  The  same  with  rain-water  pipes  and  gutters* 
The  same  also,  probably,  with  lead  roofs. 

77.  In  connecting  pieces  of  metal  to  each  other,  if  they 
happen  to  form  a  nearly  closed  circuit,  the  circuit  should  be 
metallically  completed. 

78.  Over  the  top  of  tall  chimneys  it  is  well  to  take  a  loop  or 
arch  of  the  lightning  conductor,  made  of  any  stout  and  durable 
metal. 

79.  Lightning  conductors  should  be  always  outsideand  easily 
^         visible. 
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80.  A  conductor  detached  from  the  building  to  be  protected 
is  safer  than  one  in  close  contact  with  it. 

8 1  •  For  powder-magazines  and  such  like,  an  outer  cage  surround- 
ing the  building,  with  sky  points  and  earth  roots,  and  an  inner 
cage  on  the  building,  with  independent  earth  terminals  only,  is 
the  safest  plan. 

82.  If  under  these  circumstances  there  be  no  gas-pipes  nor 
much  ramifying  metal  work  inside  the  building,  and  no  metal  at 
all  going  near  either  cage,  the  interior  may  be  considered  per- 
fectly safe. 

83.  The  inner  cage  may  often  be  conveniently  made  of  con- 
tinuous sheet  iron.  The  outer  cage  need  not  then  be  at  all 
small-meshed ;  in  fact,  it  need  be  little  more  than  a  dozen  vertical 
conductors. 

84.  The  resistance  of  an  earth  may  be  tested  in  the  customary 
way  to  guard  against  actual  breaches  of  contact  by  rust  or  workmen ; 
but  no  overweening  confidence  must  be  felt,  even  though  the 
resistance  turn  out  the  thousandth  of  an  ohm  or  less. 

85.  A  Wimshurst  machine  and  couple  of  Leyden  jars  aflford  a 
convenient  mode  of  testing  a  conductor  for  flagrant  defects.  The 
testing  should  be  done  in  the  dusk  or  in  moonlight,  so  that  there 
may  be  light  enough  to  work  by  and  yet  sparks  be  visible. 

86.  Telephones  are  the  handiest  things  to  detect  electric 
surgings  in  conductors  inside  the  house  while  discharges  are  being 
made  to  the  conductor.  But  vacuum  tubes,  gas  leaks,  Abel's 
fuses,  etc.,  etc.,  can  also  be  employed. 

87.  Another  mode  of  testing  can  be  carried  out  on  an  insulated 
rod,  with  an  induction  coil  and  spark  gap  after  the  manner  of  a 
great  Hertz  oscillator.  This  is  probably  the  most  searching  plan. 
Sparks  will  then  be  probably  obtained  from  all  the  gas  brackets, 
water  taps,  and  picture  rails  in  the  house. 

88.  Telegraph  stations,  and  houses  supplied  with  electricity 
from  overhead  wires,  should  have  an  efficient  lightning  protector 
at  the  place  where  the  wires  enter  the  house. 

89.  When  a  number  of  houses  are  wired  up  together  for 
lighting,  even  by  underground  wires,  it  may  be  well  to  dis- 
connect them  by  means  of  intervening  lightning  protectors  on 
the  principle  of  fire-proof  doors. 
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dO.  A  central  lighting  station,  having  a  tall  chimney  con- 
nected to  its  boilers  and  dynamos,  should  be,  by  a  lightning 
protector,  disconnected  from  the  leads  which  carry  the  current 
from  it;  because  a  small  fraction  of  a  stroke  getting  into  the 
leads  might  destroy  a  number  of  lamps,*  especially  if  they  were 
already  working  at  something  like  their  full  power. 

91.  Telephone  arrangements,  and  any  long  length  of  close- 
packed  insulated  wires  (even  underground),  should  be  protected 
by  lightning  protectors,  else  the  insulation  is  apt  to  be  sparked 
through  and  spoiled. 

The  Chairman  :  We  have  had  a  most  interesting  and  instruc- 
tive discourse,  and  under  ordinary  circumstances,  if  time  allowed, 
it  would  be  at  once  followed  by  a  discussion,  which  would  also 
doubtless  prove  very  interesting ;  but  our  permitted  period  this 
evening  has  already  elapsed,  and  therefore  the  discussion  will  be 
adjourned  until  our  next  meeting,  which  will  take  place  on  Thurs- 
day, May  9th. 

I  have  to  announce  that  the  Council,  in  compliance  with  a 
memorial,  have  extended  the  period  during  which  Associates, 
transferred  from  the  class  of  Students,  may  attend  the  Students? 
meetings,  from  one  year  to  two  years  after  the  date  of  sudi 
transfer. 

A  ballot  took  place,  at  which  the  following  candidates  were 
elected :—  : 

Foreign  Members : 
Camilio  A.  Carrizosa.  [  Theodore  Gruilleaume. 


Associates : 


James  Gemmil. 

James  Walter  Grimshaw. 

Ernest  de  Mdrindol  Malan. 


Harry  Neville  Moody. 
Frederick  A.  Nixon. 
Edward  William  Snook. 


Student : 
Donald  Barton. 


The  meeting  then  adjourned.  Digitized  by  Googlc 
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Ca.se  a  in  each  figure  is  the  steady-strain  case.      The  others  are 
preliminary   Htrain.     Clouds  correspond  to  coatings  of  jars;  spaces 

fenience.    The  leak,  or  imperfect  conductor,  in  the  second  case,  62 
shower.     In  case   6,  the   rain-shower,  or  leak,   is   permissible,  but 
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S.  7.  SEBBOUir— BIYEBGENCE  OF  ELEGTBO-MOTIYE  TOBCES 
PBOM  THEBMO-CHEMICAL  DATA. 

(Philoscphieal  Magazine,  Vol.  27,  p.  200, 1889.) 

It  has  already  been  remarked  by  many  observers,  that  the  actual  measured 
E.M.F.  of  several  voltaio  elements  is  not  the  same  as  the  value  calculated  from 
the  known  reactions  of  the  constituents  of  the  element.  Such  deviations  might 
be  explained  by  the  non-occurrence  in  the  cell  of  the  exact  reactions  antici- 
patedf  but  some  different  reaction  may  occur  which  evolves  heat  to  an  extent 
sufficient  to  account  for  the  observed  E.M.F.  Such  action  might  be  due  to  the 
coating  of  the  metals  with  films  of  salts  or  gases.  The  chief  interest  of  th& 
question,  however,  lies  in  the  probability  of  the  evolution  or  absorption  of 
sensible  heat  in  the  cell,  and  the  loss  or  gain  in  electric  energy. 

The  author  has  investigated  the  behaviour  of  several  metals,  including 
mercury,  silver,  lead,  and  tin,  and  has  arrived  at  the  following  general 
conclusions. 

The  primary  factor  in  determining  the  E.M.F.  of  a  voltaic  cell  is  the 
relative  heat  of  formation  of  the  anhydrous  salts  of  the  two  metals  employed. 

The  E.M.F.  may  set  up  chemical  charges  of  a  different  direction  and 
character  from  those  to  be  expected  from  the  heat  of  formation  of  the  dissolved 
salts. 

The  E.M.F.  may  be  supplemented  by  a  portion  at  least  of  the  energy  due 
to  the  solution  of  the  solid  salts. 

Where  there  is  little  or  no  attraction  between  the  water  and  the  salt,  the 
negative  heat  of  solution  is  derived  from  sensible  heat,  and  is  not  supplied  by 
the  free  energy  of  the  chemical  change. 

When  metals  whose  salts  have  purely  negative  heats  of  solution  are 
opposed  to  metals  whose  salts  they  can  replace,  the  E.M.F.  set  up  is  in  excess  of 
the  total  thermal  change. 

Hence  no  cell  exists  which  can  furnish  an  E.M.F.  in  excess  of  the  free 
energy  of  the  chemical  change. 

Some  metals  have  a  tendency  to  form  films  of  sub-salts  on  their  surfaces, 
giving  rise  to  an  unexpected  thermo-chemical  reaction,  and  therefore  to  an 
E.M.F.  differing  from  the  calculated  value. 

Finally,  the  author  concludes  that  the  E.M.F.  of  a  voltaic  cell  furnishes  a 
more  accurate  measurement  of  the  <<free  energy,"  and  therefore  of  true 
chemical  affinity,  than  data  derived  from  calorimetrio  obaeryations.        o  ~ 
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A.  FOTZBB— MEABUaEMENT  OF  CUBBEKTS  BY  MEANS  OF 
ELEGTBOLYSIS. 

(^Comptes  Rendus,  Vol,  108,  p.  896, 1889.) 

The  exactitnde  of  the  meaaurement  of  a  current  by  this  meanB  depends  on 
the  eleotro-chemical  equivalent  of  the  deposited  metal  and  on  the  exactness  of 
the  chemical  reaction.  A  comparison  of  a  voltameter  containing  a  solntion  of 
mercurous  nitrate  with  one  containing  silver  nitrate,  both  being  placed  in  the 
aame  circnit,  showed  that  the  former  always  lead  to  somewhat  lower  valaes  of 
the  current  than  the  latter.  The  cathode  used  was  of  platinum;  and  it 
appears  that  the  di£ference  of  values  noted  is  due  to  the  liberation  of  hydrogen 
gas  in  the  first  instance.  After  the  gas  has  ceased  to  be  evolved,  the  platinum 
becomes  amalgamated.  Similar  results,  but  more  persistent,  were  noticed  if 
the  platinum  were  replaced  by  silver  or  copper.  The  cathode  is  therefore 
not  entirely  passive  in  the  electrolysis,  but  the  condition  of  its  surface  has  an 
influence  on  the  phenomenon.  The  case  is  analogous  to  what  is  observed  in 
-ebullition. 

The  electrolytical  measurement  of  a  current  can  therefore  be  considered 
rigorously  exact  only  on  the  condition  that  the  electrodes  show  no  trace  of 
polarisation.  It  is  generally  admitted  that  this  is  attained  when  the  electrode 
•consists  of  the  metal  the  salt  of  which  forms  the  electrolyte ;  but  the  experi- 
ments show  that  this  is  not  always  the  case. 


J.  MOOSSB-EXFEBIMENTAL  BESEABOHES  OK  MICBOPHOKIO 

CONTACTS. 

(La  LwrnUre  SUetrique,  Vol.  81,  p.  451, 1889.) 
The  experiments  were  carried  out  with  a  •Blake  microphone,  in  whieb 
contact  is  made  between  a  semi-spherical  platinum  point  and  a  flat  carbon 
disc.  The  flrst  cause  of  the  variation  of  the  eontact  resistance  is  undoubtedly 
pressure.  An  apparatus  was  arranged  in  the  form  of  a  balance,  the  platinum, 
point  above  the  carbon  disc  being  counterpoised  by  a  vessel  into  which  a  very 
fine  stream  of  water  was  allowed  to  flow.  A  current  from  a  Daniell  cell  was 
sent  through  a  resistance  box  and  a  galvanometer,  and  the  curve  plotted  ttom 
the  values  of  the  deflections  and  of  the  unplugged  resistance.  The  resistance 
box  was  then  replaced  by  the  microphonic  contact,  and,  using  the  same  current, 
a  second  curve  was  plotted  for  decreasing  pressure  of  the  platinum  point.  A 
comparison  of  the  two  curves  gave  the  microj^onic  resistance.  It  appears  at 
once  that  the  resistance  varies  inversely  as  the  pressure. 

The  resistance  must  also  depend  on  the  extent  of  the  surfaces  in  contact^ 
and  is  inversely  proportional  to  that  area.  Herz  has  shown  that  if  d  is  the 
diameter  of  the  circle  of  contact  of  a  sphere  of  diameter  D,  with  a  plane  surfiue* 
if  jp  is  the  pressure  of  the  sphere,  and  Ka  constant  depending  on  elasticity,  etc., 
then 

d=: 


t  =    WJl^.  Digitized  by  GoOglC 
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In  the  preseni  oaie,  this  formula  becomes  simply 

or,  since  K  =  ^»,  therefore  R"  p*  =:  constant. 

The  cnrve  plotted  from  this  formula  does  not  coincide  with  that  derived 
from  experiment^  bat  the  latter  rises  more  rapidly,  though  their  general  cur- 
yatare  is  similar. 

It  results  farther  from  the  experiments  that  the  resistance  varies  inversely 
with  the  eorrent.    The  total  resistance  may  therefore  be  represented  by  the 

^  /T      r" 
equation  .  K  nc'  k/  —  +  — .. 

The  former  constant  (e')  depends  chiefly  on  mechanical  properties  of  the  con- 
tacts, the  latter  (c")  on  thermal  properties;  it  is  the  second  term  which 
accounts  for  the  non-coincidence  of  the  observed  and  calculated  curves  already 
mentioned.  The  increase  of  temperature  with  the  pressure  is  much  greater 
for  large  currents  than  for  small  ones.  This  increase  of  temperature  depends 
on  the  pressure  and  on  the  extent  of  the  surfaces  in  contact.  If  the  upper 
platinum  point  is  delicately  suspended,  and  a  strong  current  used,  the  contact 
is  broken.  This  is  not  so  much  due  to  the  repulsion  of  two  successive  portions 
of  the  same  current,  according  to  Ampere's  law,  as  to  the  heating  of  the  point 
of  contact,  which  causes  expansion  to  occur. 


W.  R.  SCKVLTZS— THE  £LEGTBOLYTIO  BEUAVIOUR  OF  MICA  AT 

A  HIGH  TEMPBEATURE. 

(^nnaZen  diW  Physik  vnd  Chemie,  Vcl»  86,  p«  G55, 1889.) 

A  plate  of  glass  and  a  plate  of  mica  were  placed  alternately  between  three 
plates  of  metal,  and  the  whole  put  into  a  hot  air  oven.  The  wires  from  the 
upper  and  middle,  or  ftx>m  the  middle  and  lower  metal  plates,  could  be  at  will 
connected  to  the  measuring  instruments,  so  that  the  insulation  of  the  glass 
and  of  the  mica  could  be  readily  compared  while  they  were  both  at  the  same 
temperature. 

It  appears  that  plates  of  mica  cat  parallel  to  the  cleavage  planes  possess, 
equally  with  glass,  the  property  of  becoming  a  better  and  better  conductor  as 
ihe  temperature  is  raised.  After  reaching  a  maximum  of  conductivity,  further 
increases  of  temperature  have  a  contrary  effect,  and  for  very  high  temperature 
the  conductivity  becomes  infinitely  small.  The  comparison  of  the  two  bodies 
shows  that  at  all  temperatures  mica  is  a  better  insulator  than  glass. 


X.  SOBURBa&-'ELE0TRO.HOTITE  POECE  OF  THIN  FILMS  OF 
HTBRATED  SUPEROXIDES. 
(AmaUn  d^r  Phymk  luid  Chmnie,  Vol.  86,  p.  062, 1889.)     ^  | 

The  object  of  the  investigation  was  to  ascertain  how  thin  a  fllni  of^a  body 
Would  still  show  the  characteristic  behaviour  of  the  body.   Previous  ezperi- 
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menis  by  other  physicists  have  shown  that  for  capillary  phenomena  the  limit 
is  reached  at  a  thickness  of  about  50  x  10~o  mm.,  for  electro-motive  phenomena 
at  1  to  8  X  10-«  mm.,  and  for  optical  phenomena  at  4  x  10-«  mm. 

The  experiments  were  carried  out  with  films  of  the  superoxides  of  man- 
ganese, lead,  and  bismuth ;  the  method  being  to  expose  the  thin  films  t)n  plati- 
num plates  to  the  action  of  electrolysis  when  opposed  to  clean  platinum,  and  to 
note  the  alterations  in  the  electro-motive  force.  The  area  of  the  plate  being 
ficcurately  known,  and  its  weight  before  electrolysis,  the  loss  of  weight  at  once 
made  it  possible  to  calculate  the  thickness  of  the  remaining  film.  The  limit- 
ing  value  was  taken  as  that  at  which  the  last  and  most  considerable  fall 
of  E.M.F.  was  noted;  and  it  was  found  to  be  for  manganese  superoxide 
2-8  X  10-«  mm.,  and  for  the  lead  oxide  4-8  x  1(H«  mm.  These  values  are  of  the 
same  order  as,  and  approximate  to,  those  found  by  Oberbeck  for  zinc,  cadmiom, 
and  copper;  and  tend  to  show  that  groups  of  atoms  at  this  point  did  not 
materially  dififer  from  molecules. 


R.  HBBTS— RAYS  OF  ELECTBIO  POECE. 
(AnnaLen  der  Phyaih  und  Chemie,  Vol  36,  p.  769,  1889.) 

The  author  has  been  able  to  produce  actual  rays  of  electric  force,  and  to 
carry  out  with  them  all  the  elementary  experiments  which  are  commonly  per. 
formed  with  rays  of  light  and  of  radiant  heat,  i.e.,  he  has  been  able  to  show 
that  the  rays  of  electricity  proceed  in  straight  lines,  that  they  can  be  polarised, 
reflected,  and  refracted. 

The  apparatus  used  consisted  of  two  vertical  parabolic  mirrors  of  sheet 
zinc,  secured  to  wooden  stands.  In  the  focus  of  one  mirror  were  placed 
vertically,  one  above  the  other,  the  two  metallic  bodies  terminating  in  knobs, 
between  which  sparks  could  be  made  to  pass  by  means  of  a  small  induction 
coil.  The  length  of  the  two  conductors  within  the  mirror  was  approximately 
equal  to*  half  the  wave-length  which  corresponds  to  oscillations  in  straight 
wires.  In  the  focus  of  the  second  mirror  was  placed  the  secondary  circuit, 
consisting  of  two  wires  50  cm.  long,  arranged  in  the  same  vertical  straight 
line,  and  with  their  inner  ends  5  cm.  apart.  These  vertical  wires  were  con- 
nected by  wires  passing  horizontally  through  the  mirror,  with  a  sparking 
arrangement  capable  of  adjustment,  and  placed  at  the  back  of  the  mirror,  so 
that  it  could  be  observed  from  behind.  The  whole  arrangement  much 
resembled  two  American  bottle-jacks  with  their  respective  reflectors. 

The  first  experiments  were  made  without  the  reflectors.  On  starting  the 
oscillations  in  the  primary  circuit,  it  was  possible  to  observe  by  means  of  a 
movable  circular  conductor  all  the  phenomena  described  in  previous  papers, 
i.0.,  up  to  a  distance  of  2  metres  under  the  most  favourable  conditions.  The 
eflfiect  was  increased  by  the  presence  of  a  conducting  wall  parallel  to  the  oscilla- 
tions ;  and  it  may  be  concluded  that  the  wave  in  the  air  corresponding  to  the 
primary  oscillations  has  a  half  wave-length  of  30  cm.  ^^  . 

If  now  the  primary  circuit  were  fixed  in  its  position  in- tfi¥^r^lic 
mirror,  and  its  effect  on  the  movable  circular  conductor  tested,  it  was  found 
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that  the  efifect  was  nil  behind  and  at  the  aides  of  the  mirror,  whilst  in  the  focal 
axis  the  effect  was  now  apparent  at  a  distance  of  6  to  6  metres,  which  might 
even  he  increased  to  9  or  10  metres  if  a  plain  conducting  wall  were  interposed 
in  the  path  of  the  rays.  This,  however,  was  only  true  in  dose  proximity  to 
the  wall.  At  other  points  the  direct  and  the  reflected  wave  interfered  with 
one  another,  producing  nodes.  Four  such  nodes  were  found :  at  the  wall,  at 
83  cm.,  at  65  cm.,  and  at  98  cm.  distance  firom  it.  The  half  wave-length  would 
therefore  he  33  cm.,  and  its  period  of  oscillation  1*1  thousand  millionth  of  a 
second.    The  half  wave-length  in  wires  was  29  cm. 

The  author  next  made  use  of  both  parabolic  mirrors,  and  found  that  he 
oould  obtain  effects  up  to  a  distance  of  16  metres  This  was  the  limit  of  space 
at  his  disposal;  but,  as  will  be  seen,  the  direct  distance  of  the  two  mirrors 
might  probably  have  been  increased  20  metres.  A  distance  of  6  to  10  metres 
is,  however,  the  one  best  adapted  to  the  experiments. 

A  sheet  of  zinc  interposed  between  the  two  mirrors  prevents  any  spark  in 
the  secondary  circuit.  The  same  effect  is  produced  by  a  sheet  of  tinfbil  or 
goldleaf,  or  by  the  presence  of  a  human  being  between  the  minors  (0.9.,  Hertz's 
assistant).  Insulators  do  not  cut  off  the  rays,  which  can  pass  through  a  wooden 
door;  as  the  author  remarks,  *'It  is  not  without  astonishment  that  one  sees 
*<  sparks  appear  inside  a  closed  room."  Metal  sheets  placed  on  either  side  of 
the  rays  and  parallel  to  them  have  no  effect  so  long  as  the  distance  between 
them  is  not  less  than  the  aperture  of  the  mirror,  viz.,  1*2  metres.  If  they  ai^ 
brought  closer  than  this  the  secondary  sparks  decrease,  and  finally  disappear 
when  the  sheets  are  half  a  metre  apart.  The  sparks  also  disappear  if  the  focal 
axis  of  one  mirror  be  rotated  through  an  angle  of  15°. 

If  the  primary  mirror  and  its  circuit  be  kept  vertical,  whilst  the  secondary 
circuit  and  mirror  are  turned  gradually  into  a  horizontal  position,  the  sparks 
decrease  more  and  more,  and  finally  disappear  when  the  two  mirrors  are 
crossed,  even  though  they  be  brought  close  together. 

The  author  constructed  an  octagonal  wooden  frame,  on  which  he  wound 
parallel  copper  wires  8  cm.  apart.  If  the  two  mirrors  were  placed  with  their 
foci  parallel,  and  the  frame  so  disposed  between  them  that  the  wires  were  at 
right  angles  to  the  direction  of  the  foci,  it  produced  scarcely  any  effect  on  the 
secondary  sparks.  If,  however,  the  screen  were  placed  so  that  its  wires  were 
parallel  to  the  foci,  the  rays  were  entirely  cut  off.  The  screen  acted  as  a 
tourmaline  would  do  in  the  case  of  a  plane  polarised  ray  of  light.  The  mirrors 
were  then  crossed,  and  so  long  as  the  wires  on  the  firame  were  vertical  or  hori- 
zontal, t.0.,  parallel  to  the  one  or  the  other  mirror,  no  sparks  appeared  in  the 
secondary  circuit ;  but  as  soon  as  the  frame  was  placed  so  that  the  wires  made 
an  angle  of  46°  with  the  horizon,  the  secondary  sparks  reappeared.  Evidently 
the  screen  of  wires  resolved  the  oscillations  into  two  components,  and  only 
allowed  that  one  to  pass  which  was  perpendicular  to  the  wires.  The  phe- 
nomenon is  precisely  analogous  to  that  produced  by  a  tourmaline  plate  placed 
between  two  crossed  Nicols. 

With  the  primary  circuit  in  a  vertical  position,  the  osoillationiQ^lfi  a 
vertical  plane,  and  are  entirely  wanting  in  a  horizontal  plane;  from  tbe 
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observatioxM^  however,  it  andoubtedly  results  that  the  electrical  oioillatioBs 
are  accompanied  by  magnetic  oscillations,  these  latter  being  entirely  in  a 
horizontal  plane;  the  polarisation  of  the  rays,  therefore, results  in  a  separation 
of  the  electrical  from  the  magnetical  oscillations. 

The  two  mirrors  were  now  placed  alongside  each  other,  with  their 
apertures  turned  in  the  same  direction,  and  their  focal  axes  converging  at 
a  point  about  three  metres  distant.  There  was  no  secondary  spark.  A 
vertical  sheet  of  zinc  was  then  placed  opposite  the  mirrors,  and  perpendicular 
to  the  line  bisecting  the  angle  formed  by  their  axes.  Secondary  sparks  were 
obtained  easily;  they  disappeared,  however,  as  soon  as  the  zinc  plate  was 
turned  15^  about  its  vertical  axis.  Sparks  could  still  be  obtained  when  the 
zinc  plate  was  at  a  distance  of  10  metres  from  the  mirrors,  i^,,  when  the  n^ 
had  to  traverse  20  metres  of  air. 

The  ray  firom  the  primary  mirror  was  directed  along  a  wall ;  at  a  door  in 
this  wall  the  zinc  plate  was  fixed  vertically  at  an  angle  of  45°  to  the  path  of 
the  ray,  and  the  secondary  mirror  was  placed  inside  the  inner  room  with  its 
focal  axis  at  right  angles  to  that  of  the  primary  mirror.  The  ray  was  reflected 
from  the  one  room  into  the  other,  even  when  the  door  was  shut.  The 
secondary  spark,  however,  disappeared  as  soon  as  the  zinc  plate,  which  acted 
as  a  plane  mirror,  was  rotated  out  of  its  position.  Beflection  of  the  ray  of 
electricity  therefore  takes  place  along  a  straight  line,  and  the  angle  of 
incidence  is  equal  to  the  angle  of  reflection.  In  this  experiment  both  minon 
were  placed  vertically,  and  therefore  the  plane  of  oscillation  was  perpendicular 
to  the  plane  of  incidence.  On  turning  both  mirrors  into  a  horizontal  plane, 
the  same  phenomenon  of  reflection  was  observed;  but  if  the  mirrors  were 
crossed,  no  secondary  sparks  were  obtained.  The  mirrors  being  again  placed 
side  by  side,  the  wire- wound  frame  was  used  as  a  reflecting  surfEkce.  Beflection 
only  took  place  when  the  wires  were  parallel  to  the  plane  of  oscillation. 

By  using  a  prism  of  pitch,  the  ray  was  readily  refracted ;  the  refracted 
ray  being  traced  for  a  distance  of  5  or  6  metres  from  the  face  of  the  prism. 
The  refractive  index  was  found  to  be  1*69 ;  that  for  light  is  between  1*5  and 
1-6 ;  the  difference  being  probably  due  to  impurities  in  the  pitch  used. 


J.  BEBOICANN— OBSBBYATIOKB  ON  THE  OHANGE  IN  THE 
CONDUCTIVITY  OP  METALS  PBODUCBD  BY  HEATING. 

(AnnaX&n  der  Physik  vnd  Chemie,  Vol.  86,  p.  788, 1889.) 

The  metals  experimented  upon  were  copper,  aluminium,  magnesium, 
zinc,  and  german  silver.  The  conductivity  was  compared  by  means  of  the 
induction  balance  with  that  of  a  disc  of  mercury  70  mm.  in  diameter  and 
1  mm.  thick,  taken  as  a  standard. 

In  the  first  instance  discs  were  cut  out  of  sheet  metal.  The  conductivity 
was  first  determined  for  the  ordinary  temperature,  and  then  after  the  discs 
had  been  heated  for  an  hour  in  a  hot  air  bath  at  a  temperature  of  800?  C. 
The  conductivity  was  higher  after  heating  than  before  in  all  cases  of  simple 
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metalf,  bat  the  alloy  showed  a  very  slight  falling-off.  The  percentage 
charge  is  shown  in  the  following  table,  where  the  two  colosins  refer  to 
dlibrent  nieces  of  metal  i— 

%  % 

Oo]^r +3-68        +2'47 

Alamininm ,  7*14       ...        .,•  ft*69 

Magnesium ,  6*66 6'9a 

Zinc M.  S*48       ..,        ...  8*48 

German  silver         ^0-18       ..,       *f>       »0'18 

In  order  to  nuke  snre  that  mechanical  processes,  snoh  as  hammering, 
rolling,  etc.,  had  nothing  to  do  with  the  resolt,  the  experiments  were  repeated 
with  ibar  disos  of  copper  electrolytically  deposited.  The  percentage  incneasea 
in  the  oonduotiYity  were  as  under  }•« 

878         .317  6-73  4*94 


S.  TSKBSOnV— BPEOIFia  INDUGTIVE  CAPACITY  OF 
BOMB  OBQANIO  COMPOUlirpB. 

(ilfiiialsii  dm  Fhytik  vmd  Chemle,  Vol,  W,p,  708, 1880.) 

The  experiments  were  made  by  the  electrometric  methodi  the  varions 
bodies^  which  were. very  numerous,  being  euccessiTely  used  to  replace  the 
air  as  the  dielectric  in  an  electrometer  of  special  construction. 

The  results  obtained  with  homologous  compounds  show  that  the  specific 

inductiTe  capacity  diminishes  as  the  homologous  series  is  ascended,  which  is 

opposed  to  Tomaszewski's  observations  on  the  aromatic  series,     The  specific 

inductiTe  capacities  of  metameric  compounds  are  different.    The  differences 

between  the  specific  induotiye  capacities  of  corresponding  members  of  the 

formates  and  acetates,  and  of  corresponding  members  of  the  formates  and 

benxoates,  are  approximately  equal*     It  has  not  been  possible  to  trace  any 

close  relationship  between  specific  inductiye  capacity  and  molecular  weight 

or  other  constant.      The  following  tables  contain  some  of    the  values 

obtained:— 

I. 


AloohoL 

Fonnate. 

Aoetate. 

Benxoa 

Methyl 

827 

9-9 

7-8 

7-2 

Ethyl ... 

„.        26-8 

91 

6-5 

6*6 

Propyl 

22-8 

— 

6-8 

— 

Isobutyl 

— 

8-4 

6-8 

6-0 

Amyl 

...        160 

7-7 

n. 

6-2 

6-2 

«..      •«• 

91 

Ethyl  acetate     ... 

... 

6-6 

Ethyl  propionate 



6-0        ^ 

r^f^c 

Ethyl  butyrate  ... 

... 

...        5-3     ^^^ 

ivJvJS 

Ethyl  yalerate   ... 
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P.  CK>U>HAiniS&-INFLn£NC£  OF  MAGNETISATION  ON  THE 
CONDUCTIVITY  OP  METALS. 

(Armalen  dor  PTvysih  vnd  Chemxe,  Vol,  36,  p.  804, 1889.) 

A  powerful  electro-magnet  was  made  use  of  to  produce  the  magnetic  field, 
the  magnetisation  being  measured  by  means  of  the  current  induced  in  a  fixed 
coil.  The  resistances  were  measured  by  means  of  a  Thomson  bridge.  The 
metals  submitted  to  experiment  were  bismuth,  nickel,  and  cotwtlt.  The  paper 
contains  very  elaborate  tables  of  the  results  obtained,  frem  which  the  author 
draws  the  following  conclusions  :—H  is  the  magnetisation  measured  in 
C.G.S,  units; 

where  ^«0  means  that  the  bridge  current  in  the  plate  of  metal  was  parallel 
to  the  lines  of  force,  and  ^»90  that  it  was  perpendicular. 

In  the  case  of  bismuth  the  increase  of  resistance  is  proportional  to  the 
square  of  the  strength  of  the  field,  both  when  the  plates  are  parallel  and  per. 
pendicular  to  the  direction  of  the  lines  of  force.  Since,  however,  in  the  case 
of  this  metal,  the  magnetisation  is  also  proportional  to  the  strength  of  the 
field,  it  may  be  said  that  the  increase  of  resistance  is  proportional  to  the  square 
of  the  magnetisation.  It  appears  also  that  the  greatest  increase  of  resistance 
occurs  in  the  direction  perpendicular  of  the  lines  of  force. 

In  the  case  of  nickel  the  resistance  increases  in  the  direction  of  the  lines 
of  force,  and  decreases  in  the  direction  at  right  angles  to  them ;  fi  is,  howeyar, 
always  greater  than  unity.  As  the  increase  of  resistance  is  independent  of  the 
direction  of  H,  therefore  Arjr  is  a  function  of  H*.  The  curves  corresponding 
to  this  equation  (Aryr  «  /  (H^))  follow  a  remarkable  path,  viz.,  they  are  all 
ai3rmplotic,  i.0.,  for  very  large  H,  Ar/r  approaches  a  maTimiim. 

Cobalt  behaves  very  similarly  to  nickel  t  but  /a  is  in  this  case  often  less 
than  unity.  The  maximum  change  also  occurs  much  earlier  than  is  the  caae 
with  nickel,  i.e.,  for  lower  values  of  H. 


B.  BACKSTBdM-CONDUCTIYITY  OF  8PECULAB  IBON  OBE,  AND 
THEEMO-ELECTEIOITY  OF  OEYSTALS. 

(Bsiblctttsr,  Vol.  18,  p.  172, 1889.) 

The  general  results  of  the  experiments  described  go  to  show  that  there  is  a 
similarity  between  electrical  and  thermal  conductivity,  though  the  values 
obtained  are  of  somewhat  different  order.  It  was  found  that  the  resistance  of 
rods  cut  from  specular  iron  ore  was  the  same  for  all  directions  in  the  principal 
plane  of  symmetry,  but  was  twice  as  great  along  the  principal  axis.  This  ratio 
is,  however,  diminished  by  a  rise  of  temperature,  although  there  are  ^  indica- 
tions of  any  polarisation. 
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B.  NBBEL-A  BEMABKABLE  BISINTEQBATION  OF  COPPEB  BY 
AN  ELEOTBIO  CURRENT. 

(Beihldtter,  Vol.  13, i>.  177, 1889.) 

The  instance  referred  to  is  that  of  a  Bernstein  glow  lamp  of  old  type,  in 
which  the  filament  was  clipped  to  thick  copper  wires  by  means  of  spiral  metal 
springs,  which  were  embedded  in  enamel.  The  copper  wires  between  the 
upper  end  of  the  enamel  and  the  filament  showed  signs  of  i>ecaliar  disintegra- 
tion, fine  copper  threads,  blackened  by  carbon,  which  extended  from  the 
cracked  layer  of  surrounding  oxide. 

The  author  recalls  the  formation  of  similar  copper  and  silver  growths  by 
the  electrolysis  of  solid  sulphides  of  copper  and  silver.  Possibly  the  copper 
wires  in  the  glow  lamp  contained  sulphur. 


fiL  DUBS— THE  COUNTER  E.M.F.  OP  THE  VOLTAIC  ARC. 

(Beihldtter,  Vol  13,  jp.  197, 1889.) 

Two  carbon  plates  were  placed  side  by  side  and  one  millimetre  apart;  they 
were  connected  to  a  galvanoscope.  If  the  lower  plate  were  exposed  to  the 
action  of  a  blowpipe  flame  which  carried  carbon  particles  over  on  to  the  upper 
one,  there  was  produced  a  weak  galvanic  current,  which  was  opposed  in 
direction  to  the  blast.  Also,  if  a  plate  strongly  heated  in  a  hydrogen  blast 
flame  were  laid  on  another,  a  weak  current  flowed  irom  the  cold  to  the  hot 
plate.  With  plates  of  copper  the  current  was  still  weaker,  and  nil  with  iron 
plates.  This  is  analogous  to  the  counter  E.M.F.  of  the  voltaic  arc,  and  the 
author  thinks  that  this  depends,  at  any  rate  in  part,  on  the  mechanical  foix^e 
of  the  current. 


AVOH.— PRITSCHE'S  DYNAMO  WITH  RADIAL-BAR  ARMATURE. 

{EUJctrotechnxsche  ZeiUchrift,  Vol  10,  jp.  134,  1889.) 

The  arrangement  of  the  magnets  is  similar  to  that  in  flat-ring  dynamos, 
or  in  many  types  of  alternate-current  machines.  The  novelty  lies  in  the 
armature  ;  this  is  composed  of  radial  bars  of  iron,  which,  however,  are 
arranged  at  an  angle  to  the  radius  of  the  circle  formed  by  the  armature.  The 
iron  bars  are  connected  into  two  symmetrical  groups.  The  ends  of  the  bars, 
lying  on  the  periphery  of  the  armature,  themselves  form  the  commutator. 
The  whole  of  the  bars  form  one  continuous  closed  circuit,  and  the  two  parallel 
groups  are  connected  in  series,  so  that  the  brushes  are  placed  22^"^  apart  in  a 

(Qgnov 
-r^  J .    The  particular  method  of  coupling  many  bars 

up,  allows  of  a  given  E.M.F.  being  obtained  with  a  much  lower  speed  of 
rotation  than  in  dynamos  of  other  construction.    The  bars  being  insulated 
from  each  other  by  air  spaces,  there  is  much  freer  radiation  of  heat  and^a. 
greater  current  density  may  be  safely  admitted  in  the  bars. 
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7.  VBB8BV— lilGHTNIKG  G0NDUGT0B8. 
(EUktroteehnitche  Zeitschr^,  Vol,  10,  p.  145,  1889.) 

The  author,  who  has  had  mnch  practical  experience  of  the  ssting  oi 
lightning  conductors,  insists  on  the  absolnte  necessity  of  thoroughly  testing 
them  with  a  galvanometer;  any  superficial  inspection  is  quite  insufficient  to 
discover  faulty  places,  which  may  be  due  to  oxidation  invisible  to  the  eye. 
He  recommends  that  one  terminal  of  the  testing  apparatus  should  be  connected 
to  each  rod,  and  the  other  terminal  to  the  earth  connection. 

In  Berlin,  with  which  city  he  is  best  acquainted,  the  earth  is  generally 
formed  by  the  gas  or  water  mains,^nd  their  surface  resistance  is  practically  nil. 

He  does  not  speak  very  highly  of  the  method  of  testing  by  means  of  alter- 
Bating  currents ;  the  connection  wires  are  in  such  cases  generally  coiled  on  a 
small  drum,  and  the  portion  left  coiled  is  liable  to  introduce  errors,  owing:  to 
induction.  In  all  possible  cases  the  author  strongly  advocates  the  introdaction 
of  a  mechanical  Joint  between  the  conductor  and  the  earth  connection.  The 
two  can  then  be  interrupted  at  pleasure,  and  each  independently  tested.  He 
has  f  requentJy  noticed  that  the  extreme  point  of  a  rod  which  has  been  struck 
is  more  or  less  bent  over,  as  though  the  heat  of  the  discharge  had  sufficiently 
heated  the  metal  to  allow  of  its  bending. 

The  author  gives  exact  details  of  a  remarkable  case  in  which  lightning 
struck  a  water-mill  in  Holland.  From  the  roof  of  the  house  the  discharge 
passed  down  outside  the  wall,  then  broke  through  the  wall  into  the  house,  and 
spread  itself  over  a  looking-glass.  From  the  glass  the  discharge  passed  a  short 
distance  down  the  wall  inside,  and  then  broke  its  way  through  the  wall  a 
second  time  to  the  outside,  completing  its  path  to  earth  through  a  shutter 
fastened  back  against  the  wall. 
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paper  by  Professor  Oliver  Lodge,  on  "  liightnmg,  Liigntmng  con- 
ductors, and  Lightning  Protectors."  I  see  that  Mr.  Preece  is 
here,  and,  as  Professor  Oliver  Lodge  has  designated  him  his  chief 
antagonist,  it  is  perhaps  fitting  that  I  should  c&il  upon  him  to 
take  the  lead  in  the  discussion. 

Mr.  W.  H.  Preece  :  I  entirely  disclaim,  sir,  the  title,  of  being  Mr.  Preece. 
considered  as  the  principal  antagonist  of  Professor  Oliver  Lodge. 
There  is  nobody  in  this  room  who  appreciates  more  highly  than  I 
do  the  good  work  that  he  has  done,  or  who  is  more  ready  at  all 
times  to  support  him  when  he  advocates  before  this  Institution 
the  truth.  But  when  he  takes  the  opposite  course,  and  advo- 
cates that  which  I  am  going  to  endeavour  to  prove  to  you  1 
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ifr.  Preeoe.  to  be  not  the  truth,  then,  if  the  term  antagonist  is  properly 
applicable  to  me,  I  am  wiUing  to  accept  it.  All  antagonists 
are  supposed  to  be,  to  a  certain  extent,  inimicable  to  each  other, 
but  there  never  has  been  any  ill-feeling  between  Professor  Oliver 
Lodge  and  myself.  Scientific  controversy  is  impossible  when 
passion  enters. 

I  am  representing  to-night  a  certain  school — ^I  am  here  as 
the  advocate  of  a  conference  that  sat  some  years  ago,  and  issued 
a  report,  and  I  am  the  defender  of  a  class  of  men  who  Professor 
Oliver  Lodge  has  called  the  "  older  electricians." 

It  is  essential  at  the  outset  that  we  should  clearly  understand 
what  are  the  differences  between  these  two  schools;  broadly,  they 
may  be  said  to  be  the  principles  enunciated  by  experience,  and 
those  deduced  from  pure  theory.  Professor  Oliver  Lodge  has 
announced  himself  to  be  the  advocate  of  theory,  and  I  pro- 
nounce myself  to  be  the  advocate  of  experience.  Well,  Professor 
Oliver  Lodge  carefully  distinguished  the  other  night  what  he 
meant  about  theory.  In  describing  experiments  by  Kirchhoff, 
he  made  this  remark:  "This,  like  many  another  theoretical 
remark,  is  not  to  be  supposed  true."  That  is  exactly  the  point 
that  I  want  to  urge— that  whatever  is  theoretical  must  not  at 
once  be  assumed  to  be  true.  On  the  other  hand,  experience  is 
the  result  of  observation,  but  it  does  not  necessarily  follow  that 
our  deductions  from  experience  are  always  exact. 

Professor  Oliver  Lodge  has  divided  his  subject  into  two  parts, 
which  he  calls  case  a  and  case  h. 

With  respect  to  case  a,  there  is  no  diflference  between  us 
whatever.  Case  a  is  exactly  thejcase  that  was  taken  up  by  the 
Lightning  Rod  Conference ;  case  a  is  exactly  the  same  case  that 
I  have  always  taken  up  whenever  the.  subject  has  been  brought 
before  this  Institution ;  and  case  a  is,  as  I  am  going  to  try  to 
prove  to  you,  the  case  of  common  sense.  There  is  just  one 
question  that  Professor  Oliver  Lodge  has  raised,  and  which  he 
takes  a  little  credit  to  himself  for  having  shown,  and  that  is, 
that  iron  is  the  proper  material  for  lightning  conductors,  and  is 
better  than  copper.  Well,  I  have  always  maintained  that  iron  is 
as  good  as  copper,  from   an  \  economical    point    of  view,  and 
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from  a  purely  £  s.  d.  point  of  view,  I  say  that  iron,  under  some  Mr.  Pwcoc 
circumstances,  may  be  better  than  copper.  In  the  year  1872 
I  read  a  paper  before  the  Society  of  Telegraph-Engineers,  in 
which  I  pointed  this  out  in  the  following  words :  "  Hitherto, 
^'  in  accordance  with  the  directions  of  Sir  William  Snow  Harris, 
*'  in  his  application  to  ships,  heavy  copper  rods,  ropes,  or  plates 
**  of  great  expense  had  been  used,  but  I  find  that  an  ordinary 
*^  galvanised  iron  wire  known  as  No.  4,  which  is  one  quarter  of 
*'  an  inch  in  diameter,  and  is  used  so  much  for  telegraphic  pur- 
^*  poses,  is  amply  sufficient  for  any  dwelling-house."  As  a  matter 
of  fact,  there  may  at  the  present  moment  be  ten  million  lightning 
•conductors  in  this  world — I  do  not  know  the  number,  that  is  a 
mere  guess, — but  I  do  know,  of  my  own  experience,  of  half  a 
million.  In  America  they  have  used  lightning  conductors  since 
the  days  of  Franklin,  and  invariably  they  use  iron ;  and  I  am 
perfectly  certain  that  if  you  were  to  take  the  probable  ten 
million  conductors  that  exist  in  this  world  you  would  find 
9,500,000  to  be  of  iron,  therefore  it  is  useless  or  needless  to 
contest  the  superiority  of  iron  over  copper. 

Just  before  I  branch  off  from  this  part  of  the  subject  I  may 
-state  that  I  have  in  my  hand  the  report  of  the  Lightning  Bod 
Conference,  and  there  they  discuss  most  judiciously  and  care- 
fully the  relative  merits  of  iron  and  copper,  and  the  only  reason 
they  give  in  favour  of  copper  as  against  iron  is,  that  in  the  long 
run  copper  is  more  durable  than  iron,  and  probably  cheaper. 

It  has  been  sometimes  said  that  the  Lightning  Bod  Conference 
knew  nothing  about  self-induction,  and  did  not  treat  the  question 
as  though  self-induction  entered  into  the  matter  at  all.  It  is  an 
absurd  notion.  In  this  very  paragraph  that  I  read  it  is  said 
most  distinctly,  "  We  will  assume  the  conductivity  of  equal  lengths 
^'  and  weights  of  iron  to  be  in  the  case  of  steady  currents  ..-,'* 
giving  the  relative  resistances  of  the  two ;  and  then,  in  another 
part  we  read,  "the  suddenness  of  lightning  discharge  which 
*'  modifies  the  conductivity  when  dealing  with  iron,**  and  the  fact 
that  such  sudden  discharging  of  electricity  affected  the  con- 
ductivity was  as  well  known  in  the  year  1881  as  I  think  it  isr  in 
the  present  day.     So  I  say,  on  the  question  of  case  a,  there  is 
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Mr.  vrtecQ.  HO  diflFerence  between  Professor  Oliver  Lodge  and  the  member* 
of  the  Lightning  Eod  Conference, 

But  when  we  come  to  case  6,  we  come  to  a  very  diflTerent  case 
indeed ;  and  here  we  have  an  instance,  not  only  of  how  electricity 
behaves   itself  in   the   way  which   Professor  Oliver  Lodge   has 
defined  as  an  "  impulsive  rush,"  but  we  also  find  a  splendid  illus- 
tration of  the  way  in  which  an  electrician  can  deal  with  questions 
of  this  kind  in  an  impulsive  rush.    I  do  not  want  to  apply  one 
single  idea  against  th^  beauty  of  the  experiments  that  Professor 
Lodge  has  brought  before  us ;  I  do  not  want  to  employ  one  single 
word  to  qualify  the  skill  and  the  ability  with  which  he  has  handled 
the  question.     There  is  nobody  who  knows  better  than  I  do  how 
earnestly  he  has  worked  at  this  question  for  now  nearly  twelve 
months,  and  I  have  watched  his  progress  throughout  the  whole  of 
this  period.     But  what  I  do  urge  is  this — and  I  want  to  point  it 
out  strongly  to  you — that  there  is  a  very  vast  diflFerence  between 
the  conduct   of  experiments    and   the  deduction  that  is   to  be 
drawn  from  the  results  of  those  experiments.     I  do  not  think 
any  of  us  could  have  appreciated  these  new  facts   that   have 
been  brought  before  us  if  it  had  not  been  for  the  great  advance 
that  has  been  made  in  the  construction  of  frictional  machines  by 
Mr.  Wimshurst.     For  years  and  years  I  had  a  splendid  influence 
machine  that  was  made  by  Cromwell  Varley,  but  nobody  can 
believe  the  diflFerence  between  it  and  the  Wimshurst  machine 
that  gave  those  magnificent  eflFects  we  saw  at  our  last  meeting. 
The  first  point  I  want  to  urge  upon  you  is  this,  that  there  is  no 
similarity  in  the  action  of  a  Wimshurst  machine  in  the  hall  of 
the  Institution  of  Civil  Engineers  and  the  production  of  those 
eflFects  of  atmospheric  electricity  in  the  atmosphere  which  result 
in  lightning.     This  case  b  of  Professor  Oliver  Lodge  is  entirely 
dependent  upon  the  sudden,  magnificent,  rapid  eflFects  produced 
by  a  Wimshurst  machine;  but  in  nature,  in  the  production  of 
atmospheric  electricity,  everything  is   by   comparison   gradual, 
stately,  and  solemn.     We  do  not  know  how  thunder  clouds  are 
excited  when  they  cause  these  brilliant  discharges  of  electricity. 
'It  is  a  question  whether  there  is  an  operation  going  on  in  the 
^^       interior  of  these  clouds  generating  those  charges  of  posiwve  and 
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negative  electricity  that  result  in  lightning  flashes.  We  do  not  Mr  Preeoe. 
know  whether  there  may  not  be  some  remarkable  action  in  the 
atmosphere  itself,  and  that  the  cloud,  as  it  passes  through  the 
atmosphere,  simply  acts  the  part  of  a  collector.  We  do  not  know 
this ;  but  what  we  do  know  is,  that  throughout  all  the  effects  of 
atmospheric  electrification,  they  are  not  sudden,  just  the  reverse 
— they  are  quiet  and  slow. 

Professor  Oliver  Lodge  has  endeavoured  to  illustrate  his 
case  b  by  the  diagram  (Fig.  62)  where  there  are  two  clouds 
that  have  been  charged,  the  one  positive  and  the  other 
negative,  and  there  is  below  this  cloud  another  cloud  in  a  state 
of  neutrality  or  quietude.  Now,  by  some  unexplained  action 
the  discharge  between  those  two  clouds  that  produces  neutrality 
is  supposed  also  to  induce  a  charge  from  that  cloud  to  the  earth, 
through  the  unfortunate  church  shown  in  the  diagram.  How 
that  happens  we  do  not  know. 

In  the  case  of  the  experiments  shown  you  by  the  Wimshurst 
machine,  there  was  a  tin  plate  of  about  two  or  three  square  feet 
in  area,  placed  at  a  short  distance  above  another  plate,  and  the 
effects  were  thus  produced ;  there  was  no  doubt  about  them,  we 
all  saw  them,  and  we  could  all  judge  for  ourselves  of  their  sudden- 
ness and  of  their  effects.  But  there  a  tin  plate  was  dealt  with 
which,  for  the  purpose,  was  a  perfect  conductor ;  a  cloud  is  a  very 
imperfect  conductor,  and  when  I-  say  that  it  is  a  very  imperfect 
conductor  I  say  so,  on  the  authority  of  Professor  Oliver  Lodge 
himself. 

[Mr.  Preece  here  obtained  the  assent  of  the  meeting  to 
continue  his  remarks  beyond  the  usual  time  allowed.] 

Now  A  is  a  cloud,  and  C  is  a  lightning  conductor.  What  I 
say  is,  that  all  the  effects  that  Professor  Oliver  Lodge  showed  us 
the  other  night  are  effects  that  would  happen  if  you  were  to 
take  a  lightning  conductor,  break  it  into  two  at  c,  and  insert  two 
tin  plates  of  about  three  or  four  feet  area,  and  then  between  those 
two  plates,  if  a  flash  passed,  you  would  have  the  effects  that  he 
i?howed  us  in  that  space;  but  in  nature  itself  it  is  absolutely 
impossible  to  reproduce  such  a  space  between  cloud  and  earth  or 
between  cloud  and  cloud.     That  which  regulates  the  discharge  of 
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iir.  Preecc.  a  true  lightning  flash  is  the  fidd  of  electric  force  that  exists 
between  this  point  and  that  cloud;  that  which  regulates  the- 
spark  that  flows  across  these  two  plates  is  resistance.  Professor 
Oliver  Lodge's  space  is  resistance — resistance  of  the  air  between 
the  two ;  and  all  the  eiSFects  we  see  thei^e  are  simply  to  be  attri- 
buted  to  the  difierence  of  the  behaviour  of  a  field  and  the 
difference  of  the  behaviour  of  the  resistance  of  a  small  column  of 
air.     I  do  not  speak  without  the  book  here.     Experiments    in. 


another  form  were  done  very  nearly  fifty  years  ago  by  Mr.  Andrew 
Crosse.  I  do  not  know  whether  anybody  in  this  room  has  read 
the  *'  Memorials  of  Andrew  Crosse : "  there  is  no  more  interesting 
electrical  book  published.  He  established  lightning  conductors^ 
a  mile  away,  upon  his  estate  in  Somersetshire,  and  led  them  to 
his  room ;  he  charged  jars,  he  formed  plates,  he  performed  a 
great  many  of  those  experiments,  and  he  succeeded  in  repro- 
ducing many  of  the  things  we  saw  here  the  other  night,  although 
he  was  not  able  to  understand  them,  and  he  certainly  could  not 
have  explained  them  to  an  audience  in  the  charming  way  in 
which  my  antagonist  explained  them  the  other  night.  Well, 
gentlemen,  as  regards  case  6,  I  want  to  point  out  that  it  is  a  case- 
of  field  versus  resistance,  it  is  a  case  of  suddenness  ve7*stbs  time,. 
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it  is  a  case  of  an  "  impulsive  rush,"  as  Professor  Oliver  Lodge  Mr,  Preece. 
has  called  it,  against  steady  uniform  growth;  and  what  I 
assert  most  strongly  and  most  positively  is  this,  that  those 
experiments  that  Professor  Oliver  Lodge  showed  us  the  other 
night  have  absolutely  nothing  whatever  to  do  with  lightning,  and 
any  deduction  from  them  is  simply  erroneous. 

As  regards  case  a,  then,  I  agree;  but  as  regards  case  6,  I 
utterly  and  absolutely  disagree. 

I  now  take  the  next  part,  that  of  the  oscillatory  character 
of  a  discharge.  I  have  been  certainly  amused  to  see,  especially 
in  the  American  press,  statements  that  I  entirely  distrusted  or 
objected  to  the  fEU^t  that  the  discharge  of  a  Leyden  jar  was 
oscillatory.  I  never  did  anything  of  the  kind.  There  is  no 
doubt  whatever  that  under  certain  circumstances  the  discharge 
of  a  Leyden  jar  must  be  oscillatory,  and  it  was  shown  to  be 
80,  as  Professor  Lodge  has  himself  pointed  out  at  the  Royal 
Institution,  and  by  one  of  my  old  masters,  Professor  Henry 
of  New  York.  It  was  proved  to  be  so  by  Professor  Helmholtz, 
or  rather  he  threw  it  out  as  a  suggestion  in  1847,  and  it  was 
proved  that  it  must  be  so  under  certain  circumstances,  by 
Sir  William  Thomson  in  1853.  Now,  what  makes  me  say  it 
must  be  so  ?  Why  I  do  so  is  this,  that  if  in  the  path  of  the 
discharge  of  a  Leyden  jar  you  insert  sensible  self-induction,  then 
there  must  be  this  remarkable  action  that  results  in  the  pro- 
duction of  an  opposing  electromotive  force  that  tends  to 
excessively  rapid  vibrations  of  charges  between  the  two  plates. 
In  fact,  Professor  Lodge  himself  has  gone  so  far  as  to  calculate 
what  takes  place,  and  he  has  done  a  great  deal  more  than  calcu- 
late here,  for  he  has  shown  the  effect  by  experiment ;  and  those 
who  were  present  at  the  charming  iecture  he  gave  at  the  Soyal 
Institution  will  remember  well  how  he  made  it  convincing  to  all 
of  us,  that  by  inserting  self-induction  in  the  circuit  of  discharge 
of  a  Leyden  jar,  oscillation  was  rendered  evident  to  our  ears,  for, 
as  he  increased  the  amount  of  self-induction  present,  he  lowered 
the  note,  falling  from  a  high  note  to  a  low  note.  I  say  that 
while  it  is  possible  to  have  this  oscillation  in  the  case  of  a  Leyden 
jar,  it  is  impossible  in  the  case  of  lightning.      I  took  up  this 
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dr.Preecc.  point  very  strongly  at  Bath  when  we  discussed  this  quesiiou 
before,  and  I  gave  various  reasons  then  why  I  did  consider  it 
possible  that  lightning  could  be  oscillatory.  A  lightning  flash  is 
a  crack  between  the  inner  and  outer  coatings  of  a  Leyden  jar, 
where  the  conditions  that  determine  self-induction  do  not  exist. 
The  current  must  be  unidirectional.  Needles  were  magnetised 
by  lightning,  as  they  are  under  certain  circumstances  by  Leyden 
jars.  That  was  the  weakest  of  all  my  arguments,  and  it  is  the 
one  that  has  been  most  seized  upon ;  but  I  think  that  Professor 
Ewing  has  given  very  good  reasons  why  it  may  not  be  strictly 
true,  and  how,  under  certain  circumstances,  needles  may  be  left 
magnetised  even  with  an  oscillatory  discharge.  But  we  will  waive 
the  question  of  needles ;  we  will  take  another.  We  will  take  the 
question  of  magnetising  iron  wire.  I  agree  absolutely  with 
Professor  Lodge  in  this,  that  if  there  be  self-induction  present, 
there  must  be  oscillation;  and  he,  I  am  quite  sure,  will  agree 
with  me  if  I  say  that  if  there  be  no  oscillation  there  is  no 
self-induction. 

Well,  now,  lightning  can  speak  for  itself;  it  does  not  require 
Professor  Lodge,  who  has  imbued  flashes  of  electricity  with  a  cei> 
tain  sentient  power  of  selecting  their  proper  path,  to  speak  for  it. 
In  days  gone  by  we  used  to  work  the  telegraphic  system  of  this 
country  with  a  beautiful  system,  called  Bain's  system,  which  was 
one  by  which  the  dots  and  dashes  were  recorded  on  chemically 
moistened  paper  in  blue  dots  and  blue  lines,  and  it  was  necessary 
that  a  positive  current  should  pass  through  this  moistened  paper 
in  order  that  electrolysis  might  take  place,  and  so  produce  the 
chemical  changes  that  resulted  really  in  the  formation  of  Prussian 
blue.  The  character  of  the  currents,  whether  constant  or 
variable,  whether  positive  or  negative,  whether  uniform  or 
vibratory,  are  recorded  with  clear,  unmistakeable  signs  There 
are  men  in  this  room  —  my  friends  Mr.  Spagnoletti  and 
Mr.  Graves,  and  no  doubt  many  others — ^who  remember  the 
Bain's  instrument  well,  and  who  know  that  there  never  was  a 
lightning  storm  passing  over  the  countrj'^  that  did  not  record  itself 
in  these  blue  characters  on  paper — long  lines,  letters,  and  marks. 
Now,  if  a  lightning  flewh  was  oscillatory  in  its  character,  if  it  was 
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a  succession  of  positive  and  negative  currents  following  each  other  Mr.  Preece. 
At  the  rate  of  millions  a  second,  would  it  have  been  possible  to 
make  a  uniform  line  on  the  paper  ?  But  more  than  that,  I  have 
^een  a  lightning  conductor,  where  it  entered  the  ground,  that  was 
marked  with  a  copper  of  a  beautiful  bright  colour,  indicating  that 
that  the  charge,  whatever  it  was,  that  passed  through  it  must 
have  acted  electrolytically  upon  the  copper  and  left  a  deposit  of 
pure  copper  behind.  Every  submarine  cable  throughout  the 
world,  of  any  length,  is  worked  by  the  Thomson  recording  syphon, 
And  there  is  never  a  storm,  even  though  it  takes  place  on  the  line 
-of  the  cable  a  thousand  miles  from  the  shores  of  the  Atlantic  at 
Valentia,  that  is  not  shown  on  the  recorder  by  "  kicks  "  and  marks 
indicating  the  production  of  a  current.  Would  there  be  such 
kicks  and  marks,  however,  if  those  lightning  flashes  and  currents 
were  oscillatory  ?  A  very  careful  observer,  Mr.  Burke  of  Nevin, 
to  whom  I  am  very  deeply  indebted  for  the  experiment,  and  who 
made  it  entirely  "  oflF  his  own  bat,"  only  last  Sunday,  was  in  charge 
of  one  of  our  relay  stations  in  North  Wales,  and,  without  a  word 
from  me,  he  allowed,  during  the  passage  of  a  severe  thunderstorm, 
his  Wheatstone  receiver  to  run.  Now  the  Wheatstone  receiver 
makes  its  marks  through  the  action  of  a  polarised  electro-magnet, 
And  it  is  quite  impossible  that  any  such  magnet  having  high 
resistance  and  great  self-induction  could  give  any  indication 
whatever  if  the  currents  discharged  from  these  lightning  flashes 
were  in  the  least  degree  oscillatory  in  their  character.  Swing's 
explanation  of  the  magnetised  needle  does  not  apply  here.  We 
are  dealing  with  unidirectional  currents  of  great  and  uniform 
;strength  and  of  sensible  duration.  Now  Mr.  Burke  allowed  his 
receiver  to  run  for  half-an-hour,  during  the  whole  time  that  the 
storm  passed.  Lightning  flashes  passed  at  an  average  of  about 
•every  30  seconds,  and  every  lightning  flash  that  passed  over 
Nevin,  within  the  range  of  the  Snowdon  mountains,  recorded 
its  mark  in  clear  characters,  so  that  "  he  who  runs  may  read," 
and  I  will  defy  any  man  in  this  room  to  say  that  there  is  the 
-slightest  indication  on  that  paper  of  any  oscillation  in   those 

lightning  flashes.  n,,„.HH,CoO(jle 

One  more  very  important  illustration  is  this  :  if  the  discharge 
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Mr.  Precce.  of  a  lightning  flash  be  oscillatory,  if  there  be  self-induction  in 
the  lightning  conductor  or  the  wire  taking  the  discharge.  Pro- 
fessor Oliver  Lodge  has  told  us,  and  we  all  know,  that  under  such 
circumstances  the  charge  will  not  enter  the  wire.  What  happens, 
then,  whenever  a  lightning  conductor  is  struck  ?  What  happens. 
whenever  a  telegraph  wire  is  struck  ?    It  is  fused.     It  is  fused 

so  beautifully  that  you  can  see 1  am  very  sorry  I  have  not 

specimens  here,  I  have  one  for  the  purpose  of  illustrating: 
another  point;  but  these  fusings,  these  broken'  wires, 
have  been  for  years  and  years  past  so  common,  that  they 
are  not  curiosities,  and  we  do  not  care  very  much  about 
them ;  but  invariably  when  a  wire,  and  especially  an  iron  wire 
that  is  supposed  to  be  so  free  from  oscillatory  currents  in  its- 
interior,  whenever  such  a  wire  is  fused  by  lightning,  there  are^ 
distinct  indications  that  the  fusion  commenced  in  the  middle^ 
and  not  on  the  exterior. 

Another  point  is  this.  If  there  is  one  case  where  self- 
induction  would  resist  the  passage  of  an  oscillatory  current 
through  it,  it  is  in  the  case  of  electro-magnetic  apparatus.. 
Relays,  Morse  recorders,  electro-magnets,  bells  of  all  kinds  have 
very  high  self-induction ;  the  self-induction  of  a  Siemens  relay,- 
for  instance,  is  very  high.  I  forget  the  exact  figure,  but  it  is,  in 
the  language  of  Professors  Ayrton  and  Perry,  five  or  six  secohms.. 
Well,  now,  if  it  were  possible  for  a  Siemens  relay  to  speak  to 
an  oscillating  flash  of  lightning,  it  would  say,  "  You  must  not 
"  come  this  way,  but  must  go  some  other  way ;  do  not  come- 
**  near  me."  But  what  is  the  result  if  the  apparatus  is  struck? 
It  is  fused,  not  outside,  but  in  the  interior ;  and  when  you  find, 
a  relay  or  an  electro-magnet  fused  by  lightning  you  will  find 
clear  indications  in  the  inside  of  it  that  the  electricity  has  gone* 
through  and  through  it,  giving  unmistakable  evidence  that 
lightning  is  not  oscillatory  in  its  character. 

I  think  I  have  given  you  sufficient  e\idence  to  show  that 
experience  on  this  particular  point  is  against  Professor  Oliver 
Lodge. 

I  will  take  the  next  point,  and  that  is  the  efficiency  of 
lightning  protectors.     There  is   no  proverb  in   my  experience 
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that  is  so  true  as  this,  that  "  nothing  succeeds  like  success ; "  and  Mr,  Preece. 
if   success  is  to  be   taken   as   a  criterion   of  the   eflSciency  of 
lightning  conductors,  then  lightning  conductors  act  according  to 
the  theory  of  the  Lightning  Eod  Conference  and   against  the 
theory  of  Professor  Oliver  Lodge. 

Take  Her  Majesty's  Navy.  There  are  ships  in  Her  Majesty's 
navy  that  have  been  for  fifty  years  fitted  up  according  to  the 
principle  of  Sir  W.  Snow  Harris.  Since  1872  there  has  not 
been  an  accident  recorded  in  the  Admiralty,  although  there 
are  always  500  or  600  ships  under  commission  in  the  navy, 
sailing  in  every  sea,  subject  to  every  climate,  at  all  times  and 
in  all  seasons. 

Take  the  War  Department.  We  have  two  admirable  repre- 
sentatives of  that  department  present  to-night,  and  in  that 
department  they  have  applied  this  principle  to  their  magazines 
all  over  the  world;  and,  although  I  do  not  know  what  they  are 
going  to  say,  I  am  perfectly  certain  they  will  say  this — that  the 
system  in  use  is  sufficiently  successful,  and  represents  the  doc- 
trines that  have  been  promulgated  here.  Take  the  churches. 
Does  anybody  know  how  many  churches  there  are  in  this 
country?  In  England  alone  there  are  13,500  churches  pro- 
tected by  lightning  conductors,  and  if  one  is  struck  it  is 
announced  in  all  the  papers  and  creates  a  great  fuss ;  but  it  is 
only  one  in  13,500. 

Take  lighthouses.  My  Mend  Sir  James  Douglass,  who  has 
all  the  lighthouses  under  his  charge,  is  here.  I  do  not  know 
what  he  is  going  to  tell  you,  but  I  feel  convinced  that  there  has 
never  been  a  lighthouse  struck  by  lightning  since  they  came 
under  his  charge.  Take  telegraphy.  Here  is  Mr.  Graves,  who 
can  speak  of  over  half  a  million  of  poles  throughout  the  whole 
of  this  country ;  they  are  all  protected  with  lightning  protectors, 
most  of  which  were  not  put  there  originally  for  lightning  con- 
ductors, but  really  were  found  to  be  so,  and  similar  ones  have 
consequently  been  of  late  years  put  up  specially  to  protect  our 
poles  from  lightning. 

Take  apparatus.      On  this  point  I  want  to  put  myself  a|U  | 

direct  issue  with  Professor  Oliver  Lodge,  who  says,  "  The  ordinary  I 
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Mr.  Preece.  «  and  well-known  form  of  lightning  protecting  arrangement  is 
"  to  attach  a  pair  of  plates,  or  a  double  set  of  points,  or  a  jMLir 
"  of  points  in  a  vacuum  or  some  very  small  air  space,  as  a  shunt 
"  to  the  instrument  or  coil  of  wire  to  be  protected.  Here  are 
"  arrangements  of  the  kind ; "  there  were  the  other  night.  Now 
he  says  this — mark  the  words  please,  gentlemen :  "  Now  it  is 
"perfectly  easy  to  see  that  the  protection  such  things  aflford 
"  is  of  the  Toost  utterly  imjjerfect  kind.'^  Well,  there  is  a  good 
deal  of  charming  coolness  about  that  statement,  because  I  can 
speak  from  authority  and  experience,  and  I  can  give  him  some 
figures,  and  he  cannot  give  me  aiiy.  In  1872,  when  we  discussed 
lightning  conductors  here,  I  j^ointed  out  that  in  the  half-year 
from  January  to  July,  1872,  there  were  9*46  per  cent,  of  the 
instruments  in  this  country  damaged  by  lightning.  That  was 
only  for  the  half-year,  and  that  was  not  the  worst  part  of  the 
half-year,  which  is  generally  the  autumn,  and  if  we  double 
that  it  would  show  that  in  1872  just  19  per  cent,  of  oui- 
instruments  were  damaged  by  lightning.  I  believe  that  would 
be  quite  true.  What  is  the  result  in  the  present  day.  The 
fact  is — and  this  is  one  of  the  great  benefits  of  bringing  a  paper 
of  this  character  to  this  Institution — it  often  really  teaches  those 
who  write  papers  a  great  deal  more  than  it  teaches  those  who 
listen  to  them ;  and  I  learned  from  writing  that  paper  in  1872 
what  serious  damage  had  been  done  to  our  instruments,  and 
at  once  proceeded  to  urge  lightning  protectors  and  to  apply 
them.  Well,  now,  in  the  twelve  months  ending  March  31st, 
1889,  instead  of  the  damage  to  instruments  being  19  per  cent., 
we  have  applied  this  "utterly  imperfect  apparatus,"  and  have 
brought  the  damage  down  to  1*3  per  cent ;  so  that  at  the 
present  moment  our  apjmratus  is  only  damaged  to  the  tune 
of  1*3  per  cent.  My  own  impression  is  that  even  that  1*3 
per  cent,  is  due  to  the  fact  that  we  have  not  applied  lightning 
conductors  to  all  the  instruments,  and  that  the  instruments 
damaged  were  not  protected.  I  assert  this  decisively  before 
you,  that  there  is  no  more  perfect  instrument  in  this  world 
than  this  lightning  protector  that  Professor  Oliver  Lodge  reck- 

j  lessly  asserts  is  of  the  "  most  utterly  imperfect  kind."         ^ 
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Now,  Professor  Oliver  Lodge  was  kind  enough  to  criticise  some  Mr.  Preece. 
of  the  conclusions  to  which  the  Lightning  Eod  Conference  came, 
and  expressed  in  their  report.  Critics,  especially  if  they  are 
inclined  to  be  hostile — ^mind  you,  I  do  not  use  the  term  hostile  in 
a  bad-humoured  sense  ;  I  know  Professor  Oliver  Lodge  means 
to  criticise  good  humouredly  our  i)roceedings ; — but  when  a 
critic  takes  up  a  paper  or  a  book  to  criticise  it  hostilely,  he 
picks  all  the  holes  in  it  he  can,  and  you  can  generally  judge 
from  the  number  and  character  of  the  holes  the  value  of  the 
criticism.  Professor  Oliver  Lodge  has  picked  three  desperate 
holes  in  this  report,  and  what  are  they  ?  The  first  is  that  the 
Lightning  Rod  Conference  had  the  impudence  to  say  that  there 
is  no  authentic  case  on  record  where  a  properly  constructed  con- 
ductor failed  to  do  its  duty.  Well,  there  never  was  a  truer 
statement  made ;  and  when  we  say  a  "  properly  constructed  con- 
**  ductor,"  we  mean  a  conductor  constructed  in  accordance  with 
the  rules  of  the  Lightning  Rod  Conference,  and  do  not  mean 
one  constructed  in  accordance  with  the  rules  of  Professor  Oliver 
Lodge  or  any  other  person.  But  we  assert,  and  re-assert,  there 
is  not  a  signatory  to  that  Lightning  Rod  Conference  Report 
who  will  not  stand  up  in  this  room  and  assert,  as  I  do,  distinctly 
and  decisively,  that  there  is  no  case  on  record  where  a  properly 
constructed  conductor  has  failed  to  do  its  duty. 

Then  as  to  the  second  point,  on  which  I  cannot  speak  from 
experience,  for  I  have  not  yet  had  the  opportunity.  I  do  not  say 
I  would  not  do  it  if  I  had  the  chance,  but  I  have  not.  "  A  man 
**  may  with  perfect  impunity  clasp  a  copper  rod  an  inch  in 
<*  diameter,  the  bottom  of  which  is  well  connected  with  moist 
**  earth,  while  the  top  of  it  receives  a  violent  flash  of  lightning.'* 
Gentlemen,  I  would  not  hesitate  for  one  moment  to  do  it.  If 
you  were  to  give  me  a  solid  copper  rod,  one  inch  in  diameter, 
fixed  with  any  good  earth,  and  put  me  within  the  range  of  a 
good  thunderstorm,  I  would  stand  there  for  the  good  of  science 
and  for  the  honour  of  the  Institution  of  Electrical  Engineers ! 

Then  No.  3  is  this,  that  "  if  all  these  conditions  be  fulfilled  ; 
<*  if  the  point  be  high  enough  to  be  in  the  highest  position  o||(> 
^^  a  building,  no  matter  from  what  direction  the  storm  may  come ; 
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Mr.  Preecc.  «  jf  j^  fee  of  ample  dimensions  and  in  thorough,  perfect  elec- 
"  trical  connection  with  the  earth,  the  edifice  with  all  its  points 
"  will  be  safe,  and  the  conductor  might  even  be  surrounded  by 
"  gunpowder  in  the  heaviest  storm  without  risk  or  danger." 
If  I  am  prepared  to  stand  with  my  hands  clasped  round  a  copper 
rod,  I  think  I  should  be  equally  prepared  to  sit  upon  a  barrel  of 
gunpowder  without  fear  of  personal  results. 

Those  are  the  three  points ;  and  what  is  the  conclusion  that 
my  friend  comes  to ?  "To  adhere,"  says  he,  "  to  such  a 
**  view  as  this  now,  with  tenacity  suflBcient  to  cause  it  to  be  pro- 
*'  mulgated  as  an  authoritative  scientific  statement,  would  be,  in 
"  my  opinion,  little  less  than  criminal."  Well,  like  some  Irish 
patriots,  I  am  criminal,  and  every  signatory  to  that  Lightning 
Eod  Conference  Eeport  is  criminal;  and  why?  Because  he 
believes  in  himself,  and  not  in  Professor  Oliver  Lodge. 

I  will  not  say  much  about  the  accidents,  but  if  you  read 
the  records  which  he  has  made,  and  will  compare  them  with 
the  principles  of  the  Lightning  Rod  Conference,  then  you  will 
find  that  the  accidents  may  be  just  as  easily  explained  on  the 
principles  of  the  Lightning  Eod  Conference  as  they  can  upon 
those  of  Professor  Oliver  Lodge. 

I  should  like  to  have  criticised  one  or  two  more  points,  but 
time  flies  so  quickly  and  I  have  already  overtaxed  your  patience. 
I  will  simply  add  that  this  language  that  I  have  referred  to, 
in  the  Lightning  Rod  Conference  Report,  is  language  not 
addressed  to  the  Institution  of  Electrical  Engineers,  it  is  not 
addressed  to  the  Physical  Society  or  to  the  British  Association,  bat 
it  is  addressed  to  all  the  householders  of  this  country,  to  people 
who  build  houses  and  to  people  who  live  in  them,  people  who 
have  interest  in  schools,  halls — vicars,  churchwardens,  and  people 
who  are  interested  in  the  safety  of  their  structures;  and  why  should 
we  go  and  talk  to  them  of  the  "  value  of  L,"  or  of  the  oscillatory 
character  of  a  lightning  discharge,  or  of  the  views  of  Professor 
Oliver  Lodge  ?  We  like  to  speak  to  them  in  plain  anguage 
that  they  can  understand,  and  they  can  perfectly  understand 
such  language  as  we  used  ;  in  fact,  the  whole  tenor  of  the 
^  report  of  the  Lightning  Rod  Conference  is  to  instil  in  the  public 
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mind  an  idea  of  safety  and  confidence  in  lightning  protectors.  Mr.  Preecc. 

"What    does    Professor    Oliver    Lodge    do?      He    labels    every 

lightning  protector  with  a  great  notice,  "Beware  of  this;    it 

^'  bites,  it  fizzes,  it  spits,  it  does  all  sorts  and  kinds  of  dangerous 

**  things  ;  do  not  trust  it,  it  is  of  no  use.     Sleep  in  your  house 

**  in  comfort,  and  do  not  mind  those  Lightning  Eod  Conference 

**  people." 

I  should  just  like  to  make  one  more  reference.  Professor 
Oliver  Lodge  has  drawn  a  great  distinction  between  what  he 
called  the  old  and  the  new  school  of  electricians.  As  I 
mentioned  just  now,  I  was  brought  up  under  the  influence  of 
Faraday,  Snow  Harris,  Wheatstone,  and  of  the  old  electricians. 
There  are  very  great  diflferences  between  the  two  schools  ;  I 
cannot  refer  to  all  of  them.  There  is,  however,  one  great 
difiference,  and  it  is  that  the  old  electricians  were  tolerant — 
they  were  tolerant  of  their  opponents,  they  were  tolerant  of 
opposite  views,  they  listened  to  the  arguments  of  all  sides. 
But  what  of  the  present,  the  new  school?  The  new  school, 
in  the  language  of  Professor  Oliver  Lodge,  says  of  the  old 
school,  that  "  it  is  time  that  the  prophets  of  that  old  super- 
**  stition  were  slaughtered  by  the  brook  Kishon."  We  do  not 
ret€iliate.    The  poet  Cowper  said : 

'<  O  for  a  lodge  in  some  vast  wildemess. 
Some  boundless  contiguity  of  shade, 
Where  rumour  of  oppression  and  deceit. 
Of  unsuccessful  and  successful  war, 
Might  never  reach  me  more ! " 

My  greatest  wish  is  that  Professor  Oliver  Lodge  may  find 
himself  in  some  such  desert,  subjected  to  lightning  flashes, 
surrounded  by  coils  of  wire  and  armed  with  apparatus,  and  I 
am  [sure  he  will  speedily  come  to  the  conclusion  that  it  is 
better  to  come  back  to  the  arena  of  the  Institution  of  Civil 
Engineers  in  sack-cloth  and  ashes,  pronounce  that  he  was 
wrong,  join  the  old  school,  and  cry  peccavL 

Mr.  Charles  W.  Vincent  :  May  I  say  a  dozen  words  as  a  note  "'•  vmccnu 
to   the  address  which  Mr.  Preece    has   given,  especially  with 
reference  to  the  paragraph  respecting  "  oscillation  ?  "    Many  more 
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Mr.  Vincent,  years  ago  than  I  am  quite  willing  now  to  recollect,  I  assisted 
Professor  Faraday  in  preparing  a  numbet  of  lecture  experiments 
with  the  electric  machine  of  the  Eoyal  Institution  (one  of  tke 
largest  in  the  country  at  that  time)  and  the  Leyden  battery  of 
fifteen  large  jars.  The  experiments  made  were  of  the  dischaige 
of  this  battery  through  various  substances,  wires  of  different 
thicknesses,  and  other  conductors;  but  in  no  case  was  there 
any  sign  whatever  of  "  oscillation  "  in  the  sense  that  the  current 
was  sometimes  in  one  direction  and  sometimes  in  the  opposite. 
"  Oscillation "  in  the  sense  of  retardation  of  the  battery  dis- 
charge, by  the  substitution  of  a  number  of  successive  impulses 
for  a  single  great  one,  he  had  in  plenty.  As  is  well  known,  such 
"oscillations"  are  the  ordinary  means  of  discharging  any  body 
which  has  electricity  induced  in  it.  Imperfect  conductors,  con- 
ductors offering  resistance,  converted  the  charge  of  the  powerful 
battery  into  a  feeble  spark  discharge,  or,  rather,  continuous 
current,  which  deflected  a  galvanometer,  precipitated  iodine  from 
iodide  of  potassium,  decomposed  various  salts,  the  current  from 
the  Leyden  jar  being  proved  to  be  a  true  current.  There  vns 
no  indication  of  oscillation  in  the  sense  of  reflex  action.  Had 
it  existed,  Faraday,  with  his  keen  perception,  would  have  imme- 
diately perceived  the  "  back  current."  Electricians,  unless  they 
kncnvj  are  not  very  ready  to  rush  into  a  fray,  but  I  imagine  the 
majority  of  them  do  not  accept  the  idea  of  oscillation  in  the 
discharge  of  a  Leyden  jar,  if  by  that  is  meant  a  current  alternate 
in  direction. 
Mr.  Mr.  J.  Farquharson  :  Grentlemen,  I  should  like  to  say  a  few 

Farciuhar-  '  ■' 

son.  words,  not  so  much  as  touching  on  Professor  Lodge's  paper,  as 

on  the  remarks  of  Mr.  Preece ;  having  had  considerable 
experience  in  ships'  lightning  conductors  during  a  period  of 
twenty  years  at  the  Admiralty,  during  which  it  was  part  of  my 
duty  to  test  and  examine  when  accidents  occurred.  The  system 
adopted  by  the  Admiralty  is  that  introduced  by  Sir  W.  Snow 
Harris.  The  topmasts  and  topgallant  masts  being  portable,  the 
automatic  connection  of  the  conductor  at  their  junctions  is 
liable  to  get  out  of  order.  Generally  speaking,  when  ships  have 
been  struck,  I  have  found  little  difficulty  in  seeing  how  the 
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damage  may  have  occurred,  on  the  assumption  that  the  con-  Mr. 
ductor  was  at  the  time  imperfect;  but  several  cases  have*®"- 
occurred  in  which  I  am  quite  unable  to  understand  or  explain 
what  actually  happened.  As  an  illustration  of  my  difficulty, 
take  a  typical  case— H,M.  gunboat  ^'  Coquette "  (I  believe 
Mr.  Preece  has  the  particulars,  as  reported  by  me  some  sixteen 
years  ago).  The  main  topmast  was  struck  and  damaged,  although 
fitted  with  an  ample  conductor,  which  was  uninjured.  .The 
conductor  on  the  main  lower  mast  was  also  uninjured,  but  the 
portion  leading  from  the  mast  to  the  ship's  side  was  torn  from 
the  beam  although  it  had  been  well  secured  by  l^^inch  nails, 
but  the  conductor  itself  was  uninjured  and  showed  no  signs  of 
heating.  The  wood  hammock-berthing  next  the  mainmast 
shrouds  was  torn  to  pieces  for  a  distance  of  from  15  to  20  feet. 
On  examination  a  fault  in  the  main  conductor  on  the  lower  ma^t 
was  found  to  exist  a  few  feet  below  the  masthead,  where  the 
'  conductor  had  been  cut  and  imperfectly  joined.  The  resistance 
below  this  point,  including  the  portion  torn  from  the  beam,  was 
found  to  be  nil  by  a  bridge,  only  going  to  ^V  obm.  What  I 
fail  to  understand  is  why  the  damage  was  done  below  the  fault, 
where  the  conductor  was  ample.  Assuming  that  the  resistance 
at  the  fault  sent  a  portion  of  the  current  down  by  the  iron-wire 
shroud,  it  must  have  leaped  a  distance  of  4  feet  to  the  wood 
hammock-berthing,  itself  a  bad  conductor.  Why  this  circuitous 
course  should  be  taken,  instead  of  the  iron  chain  plates  leading 
firom  the  shrouds  in  a  direct  line  to  the  water,  I  do  not  under- 
stand ;  nor  why  it  should  make  such  a  leap  at  all,  seeing  that 
the  painted  butt  at  the  fault  could  have  been  bridged  by  a 
small  fraction  of  an  inch.  These  facts  have  come  under  my 
own  notice,  and  I  find  it  difficult  to  account  for  them  on  the 
basis. of  the  accepted  theory  of  atmospheric  discharge. 

ilr.  J.  WiMSHURST:   Sir,  Professor  Oliver  Lodge  states  that  Mr. 

'^  Wittishurst. 

there  are  two  main  cases  of  lightning  flash,  the  one  of  gradual 
growth,  which  he  calls  the  A  flash,  the  other  when  the  strain 
arises  so  suddenly  that  there  is  no  time  for  any  pre-arrangement 
of  its  path.  The  first  he  calls  the  steady  strain,  the  second  the 
impulsive  rush.    I  think  it  is  important  to  recognise  the  difference 
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^r-  between  the  two  cases,  for  it  was  the  first,  or  the  A  flash,  that  was 

contemplated  by  the  older  electricians^  and  Professor  Lodge's 
experiments  have  called  attention  to  the  other  case.  Certainly  I 
did  not  know  that  there  was  anything  new  abont  the  B  flash,  or 
the  impulsive  rush,  for  more  than  five  years  ago  I  made  some 
influence  machines,  in  which  the  terminals  were  arranged  at  the 
back  of  the  stand,  from  which  this  impulsive  rush  was  to  be  taken. 
Professor  Lodge,  Mr.  Preece,  and  Professor  Forbes,  I  know,  have 
these  machines  in  their  possession,  but  certainly,  even  so  £u:  back 
as  that,  I  did  not  consider  there  was  anything  new  about  the 
impulsive  rush. 

Professor  Lodge  next  illustrated  what  he  was  pleased  to  call 
the  older,  or  the  a  conditions,  with  the  dome,  the  knob,  and  the 
point,  and  he  showed  very  clearly,  with  the  conditions  he  gave, 
that  the  point  protected  everything  near  to  it,  notwithstanding 
that  considerable  resistances  were  introduced  between  it  and  the 
earth.  In  these  experiments,  however,  he  must  have  made  the 
cloud  negative,  and  there  is  a  very  wide  difference  between 
making  the  cloud  negative  and  the  cloud  positive.  He  then 
illustrated  the  B  flash,  or  the  impulsive  rush,  in  which  he  showed 
the  point  afforded  no  special  protection,  for  the  dome,  the  knob, 
and  the  point  were  each  struck,  one  as  readily  as  the  other, 
according  as  it  was  the  higher.  It  appears  to  me  to  be  clear  that 
some  additional  illustration  is  required,  for  it  is  difficult  to  believe 
that  the  older  electricians  had  such  a  limited  knowledge  as  is  now 
attributed  to  them.  As  shown  by  Professor  Lodge,  the  cloud 
evidently  was  positively  electrified,  hence  they  were  all  equally 
struck.  I  purpose  now  to  show  you  the  great  difference  in  the 
behaviour  of  the  spark  when  the  cloud  is  made  negative.  In  this 
case  you  will  see  the  point  again  affords  the  protection  required 
of  it,  for  it  is  always  struck  in  preference  to  the  dome,  although  it 
be  twice  the  distance  from  the  cloud.  In  fact,  the  only  difference 
which  I  can  find  between  the  steady  strain  and  the  impulsive 
rush  is  that  in  the  former  the  charge  is  dissipated  slowly,  as  a 
brush  discharge,  while  in  the  latter  the  actual  spark  occurs  from 
the  point.  This  arises  firom  the  shorter  time  to  effect  the  dis- 
charge.   The  B  flash,  however,  is  always  weaker  than  the  A  flash. 
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I  have  an  arrangfement  here  similar  to  that  used  by  Professor  Mr. 
Lodge.  The  metallic  cloud  is  supported  on  a  glass  pedestal. 
Here  is  a  board  with  tin  foil  on  the  top ;  here  a  metal  dome  with 
metal  connection ;  here  is  a  piece  of  fine  binding  wire,  which  I 
«hall  press  down  by  means  of  this  rod,  and  you  will  see  the  varia- 
tion of  the  length  of  the  spark.  I  purpose  showing  you  first  the 
conditions  when  there  is  little  preference.  We  will  turn  the 
machine  and  show  its  polarity.  [Machyie  does  not  act  readily.] 
This  machine  is  now  nearly  five  years  old ;  it  has  never  yet  hesi- 
tated as  at  the  present  moment. 

Professor  Oliver  Lodge  :  The  failure  of  a  Wimshurst  machine  Profeaaoc 

Lodge* 

is  of  itself  a  striking  experiment. 

The  Chairman:  Would  it  be  satisfactory  to  you,  Mr.  Wimshurst,  i>r-  ^^ 
if  somebody  else  went  on  with  the  discussion  while  you  are  pre- 
paring your  experiment  ? 

Mr.  J.  Wimshurst  :  Yes ;  quite  so. 

The  Chairman  :  Perhaps  Professor  Adams  will  go  on. 

Professor  W.  Grylls  Adams  :  I  regret,  sir,  that  in  the 
investigation  of  the  subject  of  Leyden  jar  discharges  and  their 
-supposed  application  to  flashes  of  lightning,  Dr.  Lodge  should 
give  such  a  sweeping  condemnation  to  everything  with  which  he 
may  not  quite  agree,  or  that  he  should  think  that  the  results  of 
previous  scientific  research  and  investigation  are  so  easily  to  be 
swept  away.  The  discoveries  made  by  Hertz,  with  regard  to  the 
discharges  of  Leyden  jars,  are  of  very  great  interest,  and  must 
modify  our  ideas  on  the  subject ;  but  when  Dr.  Lodge  sayg  that 
lightning  discharges  are  only  the  discharges  of  Leyden  jars,  and 
asserts  that  all  the  effects  observed  in  sudden  discharges  firom  two 
plates  of  metal  near  together  must  also  be  true  of  lightning, 
without  taking  into  account  the  effects  of  distance,  capacity,  and 
time  of  discharge,  he  begs  the  whole  question.  The  discharge  of 
lightning  from  a  cloud,  consisting  of  detached  portions  of  matter 
with  very  slight  powers  of  conduction,  is  something  more  thaa 
the  rapid  discharge  between  the  metal  coatings  of  a  Leyden  jar. 
It  will  also  appear  that  any  effects  of  resonance  or  side  flashes 
with  which  Hertz  or  Dr.  Lodge  have  as  yet  made  us  acquainted 
are  small  compared  with  the  original  electrical  disturbance  which. 
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profwwor  is  competent  to  produce  them ;  and  on  this  account  the  lightning 
discharge  itself  is  far  more  to  be  guarded  against  than  any  effect  of 
resonance  or  side  flashes  in  conductors  which  may  result  from  it^ 
If,  as  Professor  J.  J.  Thomson  has  shown,  a  high  polish  is  neces- 
sary to  get  these  subsidiary  discharges,  even  in  bodies  of  a  suitable 
capacity  to  give  forth  resonance  discharges,  then  they  are  not  so- 
likely  to  do  damage  as  the  original  lightning  flash. 

As  Chairman  of  the  Lightning  Kod  Conference,  I  must  dissent 
at  once  from  Professor  Lodge's  statement  that  the  older  electricians, 
from  Franklin  to  Faraday,  knew  nothing  of  the  real  conditions  of 
the  problem ;  neither  did  they  nor  the  members  of  the  Lightning 
Hod  Conference  treat  it  as  at  all  an  easy  matter.     The  Lightning 
Kod  Conference  took  it  up  because  there  was  great  confusion  about 
it,  and  this  is  how  they  put  it  in  their  report ;    "  To  consider  the 
^^  })088ibility  of  formulating  the  existing  knowledge  on  the  subject 
"of  the  protection   of  proi)erty  from   damage  by   electricity."* 
Now,  it  is  perfectly  clear  that  if  they  questioned  the  possibility 
of   a  thing  they  could  not  have  regarded  it  as   easy.      The 
members  of  the  Lightning  Rod  Conference  did  a  very  good  piece 
of  work  when  they  collected  together  and  threw  into  a  condensed- 
form  in  their  report  all  that  was  known  up  to  that  time  with 
regard  to  lightning  conductors.     Their  report  is  the  condensation 
of  that  knowledge  as  gathered  from  the  evidence  given  in  the 
volume  itself,  and  affords  the  true  scientific  basis  for  the  con- 
struction of  lightning  conductors.     Nor  am  I  as  yet  aware  that 
the  scientific  basis,  the  combined  knowledge  and  experience  of 
the  past,  has  been  overturned  by  the  conjectures  or  surmises  as^ 
to  lightning  flashes  which  Dr.  Lodge  has  put  forward,  arising  out 
of  the  discoveries  of  Hertz  as  to  the  discharges  of  Leyden  jars. 
I  regret  that  I  have  not  had  more  opportunity  of  seeing  Dr^ 
Lodge's  experiments,  either  at  the  Bath  meeting  of  the  British 
Association  or  at  the  meeting  of  this  Society  a  fortnight  since. 
Let.  me  draw  attention  to  some  of  the  points  referred  to  by  Dr. 
Lodge  in  his  paper,  and  see  what  were  the  views  of  the  members 
of  the  Lightning  Sod  Conference  upon  them. 

Professor  Lodge  says  that  the  Belgian  electricians  (I  should 
—       rather  say  M.  Melsens)  have  been  using  for  years  the  method 
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which  he  himself  is  now  recommending  for  the  protection  of  Profewor 
buildings,  and  that  he  has  seen  no  occasion  to  modify  his  conclu- 
sions on  the  forms  of  lightning  conductors.  At  the  Bath  meeting 
of  the  British  Association,  Dr,  Lodge  stated  of  the  Hotel  de  Ville, 
-at  Brussels,  that  "  everything  was  carried  out  in  the  most  approved 
*'  style,  regardless  of  expense,"  and  speaks  of  it  as  the  best  pro- 
tected building  in  the  world.  The  account  which  Dr.  Lodge  gives 
of  the  protection  given  to  to  the  Brussels  Town  Hall  is  altogether 
•exaggerated.  He  says  :  "  No  electrician  exists  but  would  a  year 
**  ago  have  asserted  that  it  was  absurdly  and  exaggeratedly  safe 
''^from  damage  by  lightning."  Yet  within  the  past  year  this 
building,  so  amply  protected  by  M.  Melsens,  has  been  struck  by 
lightning.  Now,  if  we  refer  to  the  Report  of  the  Ligttning  Hod 
Conference,  we  find  that  the  system  of  protection  of  the  Town  Hall 
at  Brussels  transgresses  the  rules  laid  down  by  the  Lightning  Rod 
Conference.  On  page  138  there  is  an  account  given  of  the  actual 
•system  set  up  by  M.  Melsens  to  protect  the  Brussels  Town  Hall, 
.and  it  appears  as  clearly  as  possible  that  it  is  not  what  the  Light- 
ning Rod  Conference  would  regard  as  a  perfect  system.  In  the 
report,  some  eight  distinct  characteristics  of  M.  Melsens'  system 
4ire  enumerated,  and  whilst  most  of  them  we  should  all  certainly 
agree  with,  there  is  one  which  is  directly  contrary  to  the  express 
instructions  given  in  the  Report  of  the  Lightning  Rod  Conference. 
The  account  says :  "  The  conductor  consists  of  numerous  thin 
**  wires,  which  are  very  flexible,  so  as  easily  to  be  led  round  all  the 
"  comers  of  the  building."  Now,  in  the  instructions  of  the  Light- 
ning Rod  Conference,  it  is  stated  that  no  conductor  must  be  bent  at 
a  greater  angle  than  30° ;  and  to  objections  raised  to  the  use  of 
copper  tape,  the  Committee  say:  "  The  objections  to  tape  will  be 
^*  found  to  be  objections,  not  to  tape  per  se,  but  to  bad  practice  on 
^*  the  part  of  some  persons  who  have  fitted  it  up,  and  availed  them- 
**  selves  unduly  of  its  flexibility."  Now  this  applies  far  more  to 
M.  Melsens'  fine  wires  than  to  copper  tape,  and  this  is  the  system 
which  the  Committee  condemns  beforehand,  but  which  Dr.  Lodge 
advocates  and  wholly  approves,  and  in  spite  of  which,  or  possibly 
in  consequence  of  which,  the  Brussels  Town  Hall  has  actually  been 
;struck.     Now,  does  Dr.  Lodge  think  that  when  the  Lightning 
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profMFor  Rod  Conference  object  to  such  bending  of  the  conductor,  th^ 
have  no  thought  of  the  eflfect  of  self-induction  or  electric  inertia  ? 
which  is  no  such  new  thing  as  he  suggests,  but  which  was  known 
to  Faraday  and  to  those  who  followed  him. 

Let  me  draw  attention  to  a  few  other  statements  in  Dr.  Lodge's 
paper.  He  says,  in  paragraph  41,  that  the  instances  there  given 
illustrate  side  flashes  and  surging  circuits,  but  certainly  in  two 
of  the  three  instances  given  the  gas  is  set  fire  to  because  the  gas- 
I)ipe  is  melted,  being  in  contact  with,  and  forming  the  main 
conductor.  I  doubt  if  even,  according  to  Dr.  Lodge's  principles, 
the  side  flashes  can  have  suflBicient  energy  to  melt  a  gas  pipe,, 
when  the  main  discharge  is  carried  away  by  the  lightning  con- 
ductor without  doing  any  other  damage.  As  regards  the  third 
instance.  Major  Majendie's  account  may  be  trusted,  and  quite 
accounts  for  the  accident,  even  omitting  the  words  which  Dr. 
Lodge  encloses  in  squcure  brackets. 

In  paragraph  42,  Dr.  Lodge  misrepresents  the  work  of  the 
Lightning  Rod  Conference.  The  case  cited  (see  L.R.C.,  p.  115)- 
cannot  be  taken  *'  as  illustrating  that  a  good  conductor  affords  no 
"  absolute  security,"  but  is  distinctly  quoted  by  L.R.C.  as  showing 
how  a  faulty  conductor  may  be  the  cause  of  damage.  '•  The  flash 
"  of  lightning  fractured  the  conductor  in  fifteen  places,"  as  stated 
in  the  account  given  in  L.R.C.  "  The  inefiiciency  of  the  con- 
"  ductor  resulted  from  the  carelessness  with  which  it  was  fixed ; 
"the  line  was  fastened  with  twenty-five  wall  eyes,  which  were 
"  hammered  too  deep  into  the  wall,  thus  damaging  the  line,  and 
"  forming  a  short  and  shar^)  bend  in  each  case,  besides  also  unduly 
"  straining  the  wire."  This  is  what  Dr.  Lodge  calls  a  good  con- 
ductor. Is  it  at  all  likely  that  a  good  conductor  will  be  fractured 
in  fifteen  places  by  a  lightning  flash  ? 

In  paragraph  41,  Dr.  Lodge  quotes  from  the  Report  of  the 
Lightning  Rod  Conference.  "  It  is  no  uncommon  thing  for  build- 
"  ings  provided  with  what  are  called  lightning  conductors  to  be 
"  damaged  by  lightning,  and  the  cause  is  due  to  the  inadequacy 
"  of  the  conductor  to  carry  the  electric  fluid,  which  will  leave  the 
"  conductor  for  a  better  or  a  larger  conductor."  He  shovdd  have 
continued  the  quotation,  and  he  would  have  seen  that  there  was- 
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cause  for  this  statement.  This  is  the  continuation :  "  The  lights  ProfoMor 
^^  ning  descended  the  conductor  to  a  certain  point.  At  this  point 
^^the  iron  flue  enters  the  shaft,  but  some  distance  from  the 
'^  conductor ;  the  mass  of  metal  located  there  was  a  better  con- 
^^  ductor  than  the  wire  rope,  so  that  in  leaving  the  rope  for  the 
^^  better  conductor,  the  electric  fluid  passed  through  the  brickwork 
^  and  caused  the  damage."  He  might  also  have  cited  the  case 
of  the  Board  House  at  Purfleet  (see  L.S.C.,  p.  78).  "The 
*^  lightning  struck  one  of  the  iron  cramps  that  hold  the  coping. 
"  The  iron  cramp  was  situated  over  a  plate  of  lead,  and  the  ends 
'^  of  it  inserted  in  the  stone  came  within  7  inches  of  that  plate, 
"  which  communicated  with  the  gutter,  and  served  as  a  fillet  to 
^  it ;  this  gutter  was  part  of  the  main  conductor  of  the  building. 
^*  The  lightning  struck  through  the  stone  to  the  comer  plate  of 
<<  lead,  fusing  a  small  portion  of  it."  Now,  can  it  for  one  moment 
be  supposed  that  this  bursting  through  stones  and  melting  of 
lead  can  be  due  to  secondary  discharges  or  side  flashes,  rather 
than  to  the  diversion  of  the  whole  or  the  main  part  of  the  dis- 
charge, because  of  the  presence  of  a  more  readj  conductor  ? 

In  paragraph  47,  Dr.  Lodge  quotes  from  Mr.  Gravey's  account 
of  a  church  being  damaged  by  lightning  at  Cardifi*,  but  does  not 
mention  that  the  earth  contact  gave  a  resistance  of  115  ohms. 
The  members  of  the  Lightning  Bod  Conference  would  scarcely 
have  been  satisfied  with  Dr.  Lodge's  mode  of  accounting  for  the 
damage  by  begging  the  question.  For  instance,  in  paragraph  43, 
he  puts  down  to  secondary  disturbance  the  setting  on  fire  of 
bmldings,  where  there  is  no  evidence  at  all  as  to  how  the  fire  took 
place.  The  Committee  preferred  to  say,  "  The  precise  cause  of 
*<  the  fire  was  not  ascertained." 

Dr.  Lodge  quotes  a  passage  from  our  report  as  "  illustrating 
<*  that  a  poor  earth  is  not  necessarily  £ettal  to  the  efficiency  of  the 
*' conductor."  The  quotation  rather  shows,  and  is  intended  to 
show,  the  necessity  of  good  earth  connection  to  prevent  damage, 
"  the  ground  was  upheaved  where  it  was  too  dry."  In  speaking 
of  lightning  discharges,  there  is  a  great  tendency  to  regard  it  as 
simply  a  discharge  of  electricity  of  one  kind  which  starts  from  the 
cloud  and  proceeds  through  the  air  and  the  conductor  to  bury 
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^<iSr'  i^^lf  i^  ^^^  earth.  I  think  we  should  rather  regard  it  as  a  msh- 
ing  together  from  the  two  ends  of  the  positive  and  negative 
charges,  and  a  meeting  of  the  charges  in  the  middle,  as  shown  in 
Wheatstone's  original  experiments  on  the  velocity  of  electrical 
discharge.  I  think  that  this  explanation  will  fit  in  better  with 
many  of  the  phenomena  which  are  observed  in  lightning  dis- 
charges. Thus,  when  the  cloud  has  a  positive  charge  upon  it,  the 
earth  and  lead  roofs  and  gutters,  and  all  conductors  having  good 
earth  connections,  have  an  induced  negative  charge  upon  them 
before  thfe  lightning  discharge  takes  place — ^that,  in  feet,  the 
negative  charge  from  the  earth  which  is  to  reduce  the  potential 
of  the  positive  charge  from  the  clouds  is  to  a  great  extent  already 
outside  the  buildings,  at  the  top  of  metal  roofs  and  good  light- 
ning conductors,  so  that  the  principal  part  of  the  shock  takes 
place  in  the  air  above  the  buildings  so  protected. 

From  this  point  of  view  we  may  see  that  a  good  earth  is  most 
important,  for  a  bad  earth  prevents  the  negative  charge  from 
spreading  quickly  and  with  suBBlcient  rapidity  to  the  tops  of  the 
buildings  and  the  conductors  before  the  actual  disruptive  dis- 
charge takes  place.  Under  the  heading  (Gr),  Dr.  Lodge  states 
that  "  in  the  case  of  sudden  rushes  there  is  no  time  for  a  path 
to  be  prepared  by  induction."  Is  he  then  prepared  to  say  that 
the  discharge  takes  place  without  previous  induction  ?  In  such  a 
case  is  there  nothing  to  determine  whither  the  charge  shall  go  ? 
Or  would  he  suppose  that  there  is  action  at  a  distance  ?  Under 
the  induction  of  the  charge  in  a  cloud,  the  lightning  rod  with  a 
good  earth  connection  carries  the  earth's  charge  up  to  the  top  of 
the  lightning  rod,  and  to  all  metal  on  the  tops  of  buildings  con- 
nected with  it,  or  connected  to  earth,  so  that  the  building  below 
is,  as  it  were,  enclosed  within  a  charged  conductor,  and  the  main 
effects  of  the  discharge  take  place  between  the  tops  of  buildings 
and  the  cloud.  Starting  from  both  ends  at  the  same  time,  the 
olashings  and  oscillations,  if  any,  take  place  for  the  most  part  in 
the  upper  air.  If,  as  Dr.  Lodge  directs  in  his  rule  75,  large 
masses  of  metal  are  connected  to  earth,  but  are  not  at  the  same 
time  connected  to  the  lightning  conductor,  then  the  dischaige 
from  the  cloud  may  take  place  to  the  large  masses  of  metal,  and 
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may  strike  and  scatter  stones  and  brickwork  in  the  process,  and  JSJjS^' 
I  believe  it  is  most  unsafe,  as  he  directs  in  his  rule  76,  to  earth 
things  independently.  Had  Dr.  Lodge  known  how  common  a 
fault  it  is  for  a  workman  to  put  up  a  lightning  rod  without 
making  good  earth  contact,  he  would  probably  have  urged  quite 
as  strongly  as  the  members  of  the  Lightning  Rod  Conference 
that  special  care  should  be  taken  to  make  a  good  earth,  for  it  is 
the  one  defect  which  they  found  to  be  most  common,  and  of 
which  they  could  not  urge  the  importance  too  strongly.  Dr. 
Lodge  now  says  that  he  does  not  now  argue  against  the  need  of  a 
good  earth,  but  I  believe  Dr.  Lodge  suggested  at  Bath  that  points 
might  be  placed  at  the  bottom  of  the  lightning  conductor  just  as 
well  as  at  the  top.  With  such  an  arrangement,  I  believe — and  my 
impression  is  derived  from  facts  which  were  before  the  Lightning 
Rod  Conference — that  the  lightning  rod,  as  far  as  it  would  do 
anything,  would  be  a  cause  of  mischief.  We  had  many  instances 
of  the  ill-eflfects  produced  by  broken  or  faulty  conductors.  Take, 
for  instance,  the  Caterham  accident  (L.R.C.,  p.  210),  which  is 
worthy  of  careful  study,  to  show  how  a  lightning  conductor  should 
not  be  constructed.  In  this  case  the  copper  tube  was  carried 
about  12  inches  into  dry  chalk.  Parts  of  the  conductor  consisted 
of  copper  tubes  screwed  together  and  giving  no  proper  electric 
contact,  some  parts  of  the  conductor  being  fused  by  the  discharge. 

In  one  case,  the  bottom  end  of  the  conductor  was  led  into  a 
bottle :  perhaps  the  man  who  put  it  up  had  some  idea  that  a 
lightning  flash  was  like  a  Leyden  jar  discharge.  The  kind  of 
earth  contact  often  met  with  is  not  unlike  the  case  met  with  at 
Middlesbrough  (L.R.C.,  p.  203),  where  a  good  conductor  was 
•carried  underground  for  9  ft.  from  the  chimney  and  terminated 
at  a  depth  of  about  4  ft.  in  hard,  rather  dry  clay,  the  end  being 
wrapped  round  a  common  brick  buried  in  the  ground.  The 
conductor  making  earth  contact  was  a  flue  entering  the  shaft, 
and  in  leaving  the  proper  conductor  for  this  flue  the  discharge 
passed  through  the  brickwork  and  caused  the  damage. 

There  is  one  other  case  to  which  I  will  refer,  which  is  not 
recorded  in  the  Report  of  the  Lightning  Rod  Conference.  On 
May  17th,  1885,  at  2  p.m.,  the  Lower  Lighthouse  at  the  South 
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Protowcr  Foreland  was  struck  by  lightning.  I  was  asked  by  the  Elder 
Brethren  of  the  Trinity  House  to  examine  and  report  as  to  the 
cause  of  this  lightning  stroke,  it  being  supposed  that  the  lights 
houses  were  well  and  efficiently  protected.  As  described  in  Appendix 
L  of  the  fieport  of  the  Lightning  Bod  Conference,  p.  185,  the 
instructions  for  protecting  lighthouses  were  drawn  up  by  Faraday^ 
and  if  his  instructions  had  been  fuUy  carried  out  at  the  South 
Foreland  there  would  probably  have  been  no  damage  done.  On 
examination  it  was  found  that  there  was  a  very  excellent  light- 
ning conductor  in  the  shape  of  a  half-cylinder,  l^  in.  by  f  in.^ 
attached  to  the  iron*work  of  the  lighthouse,  passing  down  the 
inside  of  the  wall  from  top  to  bottom,  and  making  perfect  contact 
with  the  earth  plate,  which  was  4  ft.  by  2  ft.  6  in.,  and  about 
■jV  of  an  inch  in  thickness,  of  very  excellent  copper.  Faraday's 
instructions  for  the  securing  of  lighthouses  (as  detailed  in  L.R.C.. 
Beport,  p.  186)  seemed  to  have  been  completely  followed  out; 
but  on  following  the  conductor  to  the  earth  plate  it  was  found, 
that  the  workman  who  carried  out  the  work  had  placed  the  copper 
plate  at  a  distance  of  about  4  ft.  outside  the  building,  lying  flat 
at  a  depth  of  only  about  1  ft.,  or  at  the  lowest  part  1  fb.  6  in.,, 
below  the  surface  of  a  gravel  path  in  dry  chalk  debris.  The  large 
copper  plate  had  just  been  put  out  of  sight  in  the  driest  place 
possible,  where  it  could  have  no  proper  earth  connection.  To^ 
obtain  good  earth  contact  in  the  chalk  is  by  no  means  an 
easy  matter,  hence  the  large  size  of  the  plate  used  in  this- 
case;  but  in  this,  as  in  many  other  cases,  the  object  was 
defeated.  The  Lower  Lighthouse  stands  on  the  edge  of  the 
cliff,  at  a  height  of  290  feet  above  the  level  of  the  sea,  and 
is  about  540  feet  to  the  east  of  the  engine-house.  la 
order  to  get  water  for  the  engines,  it  is  necessary  to  go  down, 
to  sea  level.  The  depth  of  the  well  by  the  engine-house 
is  280  feet.  But  what  became  of  the  flash  of  lip^htnin^  which 
struck  the  conductor  and  ironwork  of  the  lantern  of  the 
lighthouse  ?  The  internal  ironwork,  on  which  one  of  the 
keepers  was  standing  at  the  time,  was  in  connection  with 
the  lightning  conductor,  and  in  that  framework  there  waa. 
a  bolt,  the   head  of  which  was  about  two  inches  below  th» 
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axle  of  the  trolly  which  carries  the  electric  lamp.  The  light-  Pjoft 
ning  passed  from  the  bolt-head  to  the  axle  of  the  trolly ;  then 
fjx)m  the  trolly  by  a  screw,  tearing  away  part  of  the  screw-head 
and  depositing  it  on  the  base  of  the  electric  lamp,  which  was 
injured ;  then  to  the  insulated  terminal  of  the  electric  light  mains 
and  away  by  the  underground  mains,  a  distance  of  180  yards,  to 
the  engine-room,  through  the  Holmes  magneto  machine,  de- 
magnetising the  magnets ;  and  then  by  some  glow  lamps 
connected  to  the  mains  and  supported  from  the  metal  tie-beam 
of  the  iron  roof,  which  has  a  lightning  conductor  leading  to  a  big 
tank,  which  is  in  direct  connection  with  the  metal  work  of  the 
pump  leading  into  the  deep  well  of  the  engine-house,  which 
reaches  to  the  sea  level.  In  the  magneto  machine  a  large  spark 
a  quarter  of  an  inch  in  length  passed  between  the  iron  and  the 
copper  conductor.  One  of  the  keepers  was  inside  the  lantern, 
standing  on  the  ironwork,  which  was  in  good  electrical  connection 
with  the  part  of  the  lantern  struck,  anil  with  which  the  bolt 
which  carried  the  discharge  to  the  axle  of  the  trolly  was  con- 
nected. Thus  the  good  earth,  by  the  metal  work  of  the  pump 
being  raised  from  the  sea  level  to  the  roof  of  the  engine-house, 
supplies  the  earth  charge  which  reduces  the  potential  of  the 
lightning  flash  from  the  cloud ;  here  a  very  powerful  discharge 
passes  along  good  underground  conductors  over  long  distances 
and  does  very  little  damage.  We  may  well  say,  with  Lord 
Kayleigh,  that  "it  is  only  by  actual  experience  of  lightning 
"  conductors  on  a  very  large  scale  that  the  question  can  ever 
**  be  finally  settled."  Laboratory  experiments  may  be  most 
important  as  suggestions,  but  no  one  would  adopt  or  change  any 
system  of  lightyning  protection  without  actual  experience. 

Mr.  J.  WiMSHUKST  [proceedinff  with  experiment! :  I  will  now  Mr. 
make  the  cloud  ,  positive,  and  you  will  see  that  all  of  them 
(the  dome,  knob,  and  point)  now  are  about  equally  struck.  The 
point,  as  you  see,  gets  a  slight  preference.  These  conditions  only 
were  shown  us  the  other  evening.  But  now  let  me  make  the 
cloud  negative,  and  you  will  see  a  very  great  difference.  There  is 
125  per  cent,  in  distance  in  favour  of  the  point,  and  that  3^ 
with  the  impulsive  rush.  I  think  that  shows  that  there  is  a 
manifwit  advantaire  in  favour  of  the  point. 
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profesBor  Professor  OuvER  LoDGE :   I  did  not  notice  whether  it  was 

Lodge. 

positive   or  negative.      It  was   sometimes   one,  sometimes   the 
other. 
Mr.  Mr.  J.  WiMSHURsT :  Indeed.     But  there  is  great  diflference  in 

the  behaviour  of  the  spark  with  the  jiositive  as  compared  with  the 
negative  cloud.     [Experiment.] 

Let  us  consider  three  of  the  most  important  points.  1.  The 
enormous  resistance,  as  Professor  Lodge  calls  it,  of  the  large 
copper  conductor.  2.  The  small  importance  which  Professor 
Lodge  places  upon  a  thoroughly  good  earth :  he  says  it  may  be 
made  as  good  as  heaven,  but  still  be  useless.  3.  The  propriety  of 
connecting  all  metal  in  the  house  as  in  a  ring,  and  connecting 
that  ring  to  earth. 

To  test  the  first  of  these,  we  had  better  repeat  the  experiment 
which  Professor  Lodge  calls  the  by-pass :  it  consists  in  giving  the 
Leyden  jar  discharge  the  choice  between  the  conductor  to  be 
tested  and  a  certain  length  of  air.  The  long  wire  by-pass 
representing  the  conductor  he  calls  L,  and  the  spark  through  the 
air  he  calls  B,  and  he  assumes  that  the  distance  between  the 
knobs  at  B  measures  the  resistance  offered  by  the  by-pass  or  con- 
ductor. This  appears  at  first  sight  to  be  reasonable,  but  it 
occurred  to  me  that  it  would  be  well  to  analyse  the  direction  of 
the  B  spark,  in  fact  to  ascertain  whether  the  spark  at  B  is  a 
direct  current  of  electricity  passing  from  the  outside  coating  of 
one  jar  to  the  outside  coating  of  the  other  jar,  or  whether  it  be 
something  else.  The  means  I  devised  for  this  test  was  an 
arrangement  of  four  balls  affording  two  paths  for  the  spark  to 
select  either  of  them,  each  path  containing  a  small  and  a  large 
ball.  When  this  analyser  is  placed  in  the  path  without  the  by- 
pass, the  selection,  as  I  will  show  you,  agrees  with  the  terminals 
of  the  machine,  but  when  the  by-pass  is  inserted  the  other  path 
is  selected.  (Experiment).  I  now  place  the  analyser  in  circuit. 
The  by-pass  that  I  am  using  is  about  70  feet  of  No.  12  gauge 
copper  wire,  wound  round  the  legs  of  the  table.  The  by-pass  is 
now  in  circuit,  and  we  will  see  which  route  the  discharge  takes. 

The  Chairman  :  Would  it  suit  you,  Mr,  Wimshurst,  to  have 
the  meeting  adjourned,  and  have  the  apparatus  ready  next  time  ? 
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Mr.  J.  WiMSHURST :  I  should  be  very  riad  to  fall  in  with  the  Mr. 

•^  ^  ^        Wiinshurst. 

suggestion,  and  will  on  the  next  occasion  have  the  large  machine 
ready  to  show  the  experiment. 

The  Chairman:  Before  the  meeting  is  adjourned,  I  would 
«uggest  to  Professor  Fitzgerald  that,  as  he  cannot  be  here  next 
meeting,  he  will  perhaps  favour  us  with  his  remarks  now. 

Professor  G.  F.  Fitzgerald  :  Mr.  Chairman  and  gentlemen,  JJ^^^Ski 
I  have  been  extremely  interested  in  Mr.  Wimshurst's  experiments, 
which  are  more  interesting  than  anything  I  can  possibly  tell  you. 

The  only  points  that  struck  me  are  that  I  do  not  at  all  attribute 
the  importance  that  Mr.  Preece  does  to  the  arguments  which  he 
brought  forward  against  the  oscillatory  character  of  the  lightning 
discharge*  I  think  it  is  quite  possible,  notwithstanding  all  that 
has  been  said,  that  lightning  discharge  is  oscillatory  in  the  sense 
that  a  Leyden  jar  discharge  is  oscillatory,  but  it  must  be  always 
recollected  that  the  oscillation  preponderates  in  a  given  direction, 
and  is  not  always  as  much  in  one  direction  as  the  other ;  there  is 
a  preponderance  in  one  direction,  and  there  is  a  possibility  of  this 
preT)onderance  causing  a  current  and  producing  the  efifects  which 
Mr.  Preece  has  described.  I  do  not  think  there  is  an3rthing  in 
the  efifects  he  has  described  to  disjirove  the  oscillatory  character 
of  the  spark. 

There  are  two  points  which,  in  my  mind,  should  be  brought 
out  to  make  the  discussion  satisfactory.  They  are,  first  of  all,  to 
what  extent  are  you  by  experience  or  experiment  justified  in 
assuming  that  a  cloud  acts  like  a  good  conductor?  I  do  not 
think  it  can  be  proved,  by  anything  we  know  of,  that  they  do 
certainly  act  like  good  conductors.  If  there  are  any  experiments 
which  show  that  they  do,  I  do  not  know  of  them,  and  I  do  not 
think  they  have  been  mentioned  either  by  Professor  Oliver  Lodge 
or  any  one  else ;  while  there  is  a  good  deal  of  evidence  to  show 
that  at  least  sideways  and  laterally  they  do  not  act  like  good 
conductors,  because  occasionally  clouds  lie  in  a  valley,  touching 
hills  on  each  side,  and  discharging  lightning  from  their  centre, 
which  they  could  hardly  do  if  they  acted  like  a  metal  plate :  so 
that  whether  a  cloud  is  a  good  conductor  or  no  is  a  very  interest- 
ing question.    I  think  it  is  quite  possible  that  it  may  act  like  a 
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Kte^aid.  S^^  conductor  vertically  when  it  is  discharging  rain.  That 
seems  to  me  to  be  a  weak  point  in  Professor  Lodge's  experiments 
illustrating  lightning  flashes.  The  weak  point  on  the  other  side 
is  that  I  do  not  think  that  any  explanation  that  I  have  yet  heard, 
even  Professor  Adams's  explanation,  fully  accounts  for  such  results 
as  we  heard  described  to-night  with  reference  to  the  ship  and  the 
disruptive  action  on  a  conductor  which  is  itself  not  sensibly  heated. 
Professor  Lodge  similarly  has  called  attention  to  several  cases— 
for  instance,  whether  the  description  of  it  is  quite  accurate  or  no 
it  has  not  been  disputed,  that  a  horizontal  bar  of  metal,  totally 
unconnected  with  any  other  metal,  gave  out  disagreeable- sparks 
during  a  thunderstorm*  That  I  do  not  think  has  been  explained 
by  any  who  have  spoken  on  the  other  side,  and  I  think  it  would 
require  some  such  explanation  as  Professor  Lodge  has  given  in 
order  to  account  for  the  injurious  eiSects  that  have  occurred. 
He  says,  "It  has  been  investigated,  and  is  reported  to 
**  have  been  due  to  a  secondary  charge  in  the  horizontal 
**  bar  totally  disconnected  from  anything."  He  goes  on  to 
say,  "Although  it  did  not  probably  receive  a  side  flash,  yet 
^'  it  gave  out  sparks  that  ignited  gas  and  caused  a  fire."  Now,  I 
think  that  the  point  that  practical  electricians  ought  to  devote 
themselves  to  is  to  explain  these  curious  and  unexplained 
phenomena,  and  not  to  be  stating  that  everything  with  reference 
to  lightning  is  quite  understood,  for  I  do  not  think  that  everything 
with  respect  to  a  lightning  flash  is  completely  understood.  I 
would  not  like,  for  instance,  to  repeat  the  experiment  suggested 
by  Mr.  Preece,  and  would  be  very  sorry  to  see  him  try  it,  of 
holding  on  to  a  lightning  conductor  when  it  was  struck  by 
lightning,  for,  although  he  might  do  it  once  or  twice,  I  am  very 
much  afraid  that  occasionally  he  would  suffer  very  severely.  I 
would  not  like  to  do  it,  and  I  value  Mr.  Preece  too  much  to  wish 
to  see  him  perform  the  experiment.  However,  I  think  there  ii 
very  little  doubt,  as  I  said  at  the  British  Association  meeting  at 
Bath,  that  lightning  protectors  and  lightning  conductors  have 
been  and  are  of  immense  use  in  protecting  mankind  from  the 
destructive  effects  of  lightning,  ^OqIc 

The  Chairman:  Professor  Oliver  Lodge  will,  onfortunatelyibe 
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unable  to  be  here  at  the  adjourned  discussion  next  week,  and  he  g^-  ^^^^^ 
tells  me  that  he  is  very  willing  to  reply  now  to  the  discussion  so 
far  as  it  has  gone,  and  I  am  inclined  to  think  that  we  shall  all  of 
OS  be  very  glad  to  hear  what  he  has  to  say. 

The  meeting  signified  approval. 

Professor  Oliver  Lodge  :    It  is  very  kind   indeed  of  the  ^S^' 
meeting,  and  of  you,  Sir,  to  allow  me  to  reply  now,  but  I  will 
be  as  brief  as  possible.     I  cannot  take  up  all  the  points,  and 
perhaps  I  may  unintentionally  pass  over  some  that  are  important. 

I  intended  to  have  begfun  with  some  remarks  complimentary 
to  Mr.  Preece  and  his  wide  experience,  but  you  must  consider  all 
that  as  said. 

As  regards  the  diflference  between  theory,  experience,  and 
observation ;  of  course  there  is  bad  theory  and  good  theory,  just 
as  there  is  good  observation  and  bad  observation,  especially  there 
is  umguided  observation.  Now,  I  say  that,  by  mere  observation 
unguided  by  theory,  it  is  very  easy  to  overlook  a  great  many 
facts  which  are  plain  enough  in  the  light  of  theory.  Unguided 
experience  is  by  no  means  satisfactory,  else  would  discoveries  be 
much  easier  than  they  are. 

Many  of  the  effects  I  have  shown — sparks  in  unexpected 
places,  and  other  things — ^have  been  observed  before.  Henry 
observed  things  of  the  kind;  and  Edison  noticed  some  curious 
phenomena,  and  said  it  was  not  electricity  but  ^^  etheric  force  " 
that  caused  these  sparks ;  and  the  matter  was  rather  pooh-poohed. 
It  was  a  small  part  of  this  very  thing,  only  the  time  was  not  ripe; 
theoretical  knowledge  was  not  ready  for  it.  Professor  Carey 
Foster  says  that  Professor  Mascart,  who  was  present  at  the 
last  meeting,  told  him  that  M.  Melsens  had  observed  many 
of  these  things,  but  had  not  felt  sure  enough  to  publish  them, 
because  he  did  not  understand  them.  There  is  nothing  much 
in  what  I  have  done  about  the  matter;  it  is  the  fundamental 
theories  of  your  illustrious  President  and  of  Clerk-Maxwell  that 
have  enabled  me  to  observe  these  things  now  so  easily,  when 
before  they  would  have  been  almost  impossible.* 

•  Mr.  8.  A.  Tarley  reminds  me,  and  I  cordially  accept  the  remindery  tbat 
the  emie  of  theie  experiments  Ib  also  largely  due  to  the  development  of  the 
modem  influence  machine. 
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i>rofe«ior  Mt.  Preece  made  some  remarks  about  case  b  which  I  did  not 

follow,  SO  I  will  defer  commenting  upon  them.*  He  says  there  is  no 
difference  between  us  with  respect  to  case  a.  But  this  difference 
between  case  a  and  case  b  which  has  been  so  much  spoken  of^ 
partly  because  I  insisted  upon  it  so  much  in  my  paper,  has  only 
a  very  partial  application,  and  refers  to  what  shall  be  struck, 
whether  point  or  knob;  it  refers  merely  to  the  questions  rf 
whether  there  shall  be  a  flash  at  all,  and  what  kind  of  terminal 
is  most  likely  to  be  struck.  When  the  flash  has  once  occurred 
there  is  no  difference  betiMen  com  a  and  case  6.  As  regards  the 
conduction  of  the  discharge,  they  are  the  same;  their  differences 
appear  only  in  the  dielectric  during  the  era  preceding  discharge^ 
I  am  glad  of  the  opportunity  of  making  this  explanation,  because 
I  liave  seen  it  stated  that  only  under  the  circumstances  of  the 
impulsive  rush  is  the  discharge  sudden,  and  that  only  then  are 
these  violent  shocks  and  side-flashes  (which  I  did  not  show  te 
the  full  extent  I  might  have  done  last  time)  likely  to  occur. 
But  the  fact  is  that  with  any  flash  there  are  these  violent  dis- 
turbances, no  matter  how  it  has  arisen ;  only  it  is  not  so  easy  te 
get  a  flash  to  points  in  case  a  as  in  case  b. 

With  regard  to  the  experiment  of  Mr.  Wimshurst,  I  must  say 
that  I  had  not  noticed  the  fact  he  has  shown,  viz.,  that  under 
certain  conditions  it  makes  a  difference,  even  in  case  6,  whether 
the  to^)  plate  is  positive  or  negative.  In  my  own  case  it  did  not, 
because  I  was  using  larger  jars  and  more  violent  rushes.  But 
there  is  evidently  a  slight  difference,  perhaps  a  big  difference 
under  certain  conditions,  whether  the  cloud  is  positive  or 
negative,  which  I  had  not  previously  noticed.  The  difference  is 
obtrusive  in  case  a,  not  in  case  6 ;  but  when  I  get  back  I  wiU 
repeat  the  experiment,  and  see  what  the  conditions  are.f 

•  I  have  nothing  much  to  say  about  them  now,  except  that  the  diagram 
Hr.  Preece  gives  is  scarcely  analogous  to  my  case  h  arrangement.  In  Uis^ 
diagram  the  cloud  is  one  coating,  the  earth  another,  and  the  tin  plates  tf* 
interposed  in  the  dielectric  of  a  common  case  a.  Another  cloud  is  necessary 
to  represent  the  outer  coating  of  the  jar  in  my  case  6.  It  will  then  become  jiS« 
like  the  figures  in  the  plate  at  the  end  of  my  paper. 

1 1  find  I  was  in  error  in  saying  I  had  not  noticed  this  fact.  On  mentiooio; 
the  matter  to  my  assistant,  Mr.  Bobinson,  I  found  he  knew  all  about  it,tnd 
reminded  me  that  we  had  noticed  that  the  more  gentle  the  rush,  the  more  ^ 


188».]  DISCUSSION.  477 

As  regards  iron  and  copper,  Mr.  Preece  says  everybody  knew  ^^^^^ 
that  iron  was  best.  Well,  the  Telegraph  Department  certainly 
use  iron  wire  to  protect  their  poles,  but  it  has  not  been  the 
practice  in  this  country  to  erect  iron  on  buildings;  and  most 
certainly  the  reason  why  iron  is  as  good  as  copper  was  not 
known.  Moreover,  the  two  were  always  compared  when  the  iron 
was  seven  times  the  sectional  area  of  the  copper.  That  is  now 
seen  to  be  all  nonsense. 

What  Professor  Adams  says,  that  the  statements  of  the  Con- 
ference were  fairly  correct  in  the  light  of  then  existing  knowledge, 
is  perfectly  true.  I  have  not  the  slightest  &ult  to  find  with  any 
statements  made  in  the  past;  I  do  find  fault  with  the  same 
statements  being  made  now.  In  one  sense  self-induction  is  an 
old  idea,  as  old  as  Faraday's  "extra-current,"  but  nevertheless 
it  may  be  safely  asserted  that  in  1881  no  one,  not  Sir  William 
Thomson,  Lord  Bayleigh,  nor  any  one,  knew  self-induction  so 
intimately  as  it  is  known  now.  No  doubt  some  of  the  members 
of  the  Lightning  Rod  Conference  had  self-induction  in  their 
mind,  but  they  did  not  know  the  full  extent  of  its  importance, 
and  their  knowledge  at  that  time  would  have  led  them  to 
condemn  iron  vigorously.  Still  more  recently  it  would  have  been 
condemned  in^the  light  of  the  telephone  experiments  of  Professor 
Hughes,  because  his  oscillatory  currents  were  not  rapid  enough 
to  bring  out  the  relative  merits  of  iron  and  copper  imder 
lightning  conditions. 

Mr.  Preece  said  that  it  was  the  great  power  of  the^Wimshurst 
machine  that  made  all  the  violent  disturbances  last  time.  That 
machine  has  great  power,  but  I  have  not  used  that  machine 
except  to  show  the  experiments  here.  I  observed  them  all  with 
a  small  single-pair-of-plates  Voss  machine,  18  inches  in  diameter; 
and  this  produces  aU  the  effects  just  as  well,  only  rather  more 
slowly.  It  does  not  require  a  powerful  machine,  it  takes  little 
power. 

Mr.  Preece  says  that  it  is  the  Wimshurst  machine  that  makes 

cafse  h  approximate  to  case  a.    It  all  depends  on  the  time  taken') by  the  plate, 
to  charge,  and  the  time  oonsequentlj  allowed  for  the  path  to  be  prepared  WC 
static  induction.    (See  Appendix  lY.) 
VOL,  XVIII.  34 
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l^^^^     these  sudden  rushes,  but  that  "  in  Nature  everything  is  slow,  and 
"  stately,  and  quiet,  and  gentle," — especially  lightning ! 

He  says  he  never  doubted  the  oscillatory  character  of  a 
Leyden  jar  discharge  when  there  is  self-induction  present;  but 
yoli  cannot  keep  it  out :  there  is  self-induction  in  every  circuit 
that  either  he  or  anybody  else  ever  saw.  You  do  not  want  coils 
to  make  self-induction  :  there  is  self-induction  in  a  bit  of  wire  as 
long  as  one's  finger,  and  in  the  perforation  of  the  glass  of  a 
Leyden  jar,  though  that  is  certainly  the  most  difficult  case.  I 
cannot  admit  that  when  oscillations  are  absent  there  is  no  self- 
induction.*  Then,  again,  the  bluing  of  paper  and  suchlike  proves 
nothing  against  the  oscillatory  character  of  lightning.  It  is  need- 
less for  me  to  dwell  upon  this  after  what  Professor  Fitzgerald  has 
said.  He  has  shown  why  it  should  be  so  theoretically,  and  I 
know  well  that  it  is  so  in  fact  with  many  oscillatory  currents. 
You  may  have  noticed  a  letter  in  Nature  a  week  or  two  back,  by 
Dr.  Dragoumis,  who  was  using  vacuum  tubes  in  my  laboratory  to 
detect  Hertz-like  oscillations :  he  used  iodide  of  starch  paper  as 
well,  and  got  blue  marks  all  right.     But  as  to  osciUations,  they 

d  C 
are  hardly  essential  to  my  case :  it  is  L  -^  tliat  I  want  big;  and 

d  C 
though  the  easiest  way  to  get  -.—  big  is  to  have  oscillations,  they 

are  not  absolutely  essential :  as  Professor  Fitzgerald  said  at  Bath. 
There  is  no  real  need,  therefore,  to  discuss  them.f 

As  to  the  case  of  lightning  protectors,  Mr.  Preece  says  I  have 
no  experience  of  lightning  protectors  connected  to  telegraph 
instruments.  It  is  perfectly  true — I  have  not.  It  would  be 
ridiculous  for  me  to  pretend  to  first  hand  information  on  such 
matters  in  this  presence,  but  Mr.  Preece  has  ;  and  in  a  text-book 
on  telegraphy  by  Preece  and  Sivewright  (6th  edition,  1887),  it  is 

*  The  reason  I  originally  imagined  that  Mr.  Preece  doubted  the  oscilla- 
tory character  of  a  Leyden  jar  discharge,  was  because  he  said  at  Bath  that  he 
axiproached  the  question  with  some  diffidence  because  it  was  supported  by  high 
authorities.  It  was,  indeed !  But  no  high  authority  had  supported  the  idea 
of  the  oscillatory  character  of  a  lightning  flash.  However,  it  is  manifest 
that  many  persons  doubt  the  oscillatory  character  of  a  Leyden  jar  discharge : 
—       jWt.  S.  a.  Varley,  for  instance — ^see  current  Electrical  Review  articles. 

t  This  is  barely  true;  oscillations  are  essential  to  the  most  violent  effects. 
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recorded  what  trouble  lightning  gives  them :  how  it  damages  the  ^/*7*^' 
machines,  depolarises  the  needles,  and  spoils  the  insulation ;  how 
protectors  are  of  some  use,  but  are  not  wholly  reliable;  so 
that  whenever  it  is  absolutely  necessary  to  keep  it  out — 
especially  from  cables,  where  lightning  might  be  very  destruc- 
tive— ^then  they  apply  a  great  number  of  lightning  protectors, 
in  the  hope  that  one  or  other  will  work.  That  is  where  I  got 
my  information  from  ;  *  and  also  from  direct  experiment  proving 
that  no  existing  protector  can  eliminate  Leyden  jar  ax)arks,  as 
M,  Guillemin  and  Professor  Hughes  had  found  out  before. 
Mr.  Preece  says  there  is  now  in  England  only  1*3  per  cent,  of  , 
damage, — ^that  means  destruction,  I  suppose,  and  does  not  take 
into  account  partial  depolarisation  or  slight  damage  to  the  insu- 
lation of  wires,  which  must  occur  in  many  cases  without  imme- 
diately breaking  the  wires  down.  But  why  is  there  1*3  per  cent, 
of  failure  if  protectors  are  already  perfect  ?  Lightning  protectors 
can,  however,  be  made  absolutely  perfect.  They  are  much  easier 
to  tackle  than  lightning  conductors  attached  to  houses  and  large 
buildings. 

Professor  Adams  insists  that  the  Lightning  Bod  Conference 
has  done  good  work.  Certainly ;  I  admit  it.  So  also  Mr. 
Anderson's  work  on  "  Lightning  Conductors,"  revised  by  Dr. 
Mann,  is  an  excellent  book.  Of  both  works  I  have  made  the 
greatest  use.  I  regret  that  I  have  seemed  to  be  in  antagonism 
to  the  Lightning  Rod  Conference ;  but,  while  they  have  done  good 
work,  that  gives  them  no  claim  to  infallibility.  Neither  do  I 
wish  to  bind  any  of  its   members  to  the  terms  of  the  report. 

*  The  following  are  quotations  from  pages  257-9: — '<  Lightning  is  the 
«  most  fruitful  source  of  fault  upon  telegraph  circuits  in  those  countries 
•*  where  thunderstorms  are  rife,  and  atmospheric  electricity  is  undoubtedly  the 
*'  greatest  enemy  which  those  employed  in  their  maintenance  have  to 
•«  encounter.  .  .  .  Earth  currents  are  only  troublesome  at  long  intervals ;  but 
*<  lightning  is  a  constant  source  of  trouble,  frequently  breaking  down  the 
**  circuits,  and  sometimes,  in  spite  of  aU  precautions,  so  damaging  the  instni- 
"  ments  as  to  render  their  removal  necessary.  .  .  .  Although  the  dangers 
*'  liable  to  arise  from  lightning  have  been  to  a  great  extent  surmounted  of 
*'  recent  years,  still  it  cannot  be  said  that  a  thoroughly  efficient  form  oC 
«  lightning  protector  for  telegraphic  apparatus  has  yet  been  devised."— Pree^  ^ 
A  Sivewright's  *«  Textbook  of  Telegraphy."    Longmans,  1887. 
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pwfMsor  Doubtless  many  of  that  Conference  felt  qualms  when  they  signed 
it.  A  document  signed  by  a  number  of  persons  is  always  more 
or  less  of  a  compromise.  As  generally  sound  advice  to  builders 
and  the  public,  it  served  its  purpose  ;  but  if  it  is  to  be  regarded 
as  a  dam  across  the  stream  of  progress,  a  high-water  mark 
beyond  which  the  ocean  of  discovery  may  not  flow,  then  the 
wonder  is  that  in  this  age  it  has  lived  so  long. 

Professor  Adams  made  one  elementary  slip,  which  I  think  he 
will  see  to  be  a  slip,  where,  in  attempting  to  explain  the  fact  quoted 
by  Mr.  Farquharson,  he  stated  that  when  a  cloud  and  a  roof  dis- 
^  charge  into  one  another  the  discharge  confines  itself  to  the  air;  so 
that  once  the  charge  has  got  thoroughly  up  into  the  roof  then 
the  discharge  occurs  wholly  between  cloud  and  roof,  and  does 
not  come  down  the  conductor  at  all !  All  that,  if  adhered  to,  is 
a  perfectly  new  theory,  entirely  contradictory  of  what  is  known 
concerning  the  continuity  of  electric  currents ;  and  if  existing 
facts  require  extraordinary  theories  to  explain  them,  they  are,  in 
ordinary  language,  inexplicable. 

I  have  taken  up  my  ten  minutes,  and  there  are  many  points- 
I  have  not  touched  upon,  but  I  think  I  had  better  keep  strictly 
to  the  time. 

The  Chairman  :  Mr.  Wimshurst  will  continue  the  discussicm 
at  our  next  meeting,  which  will  be  held  on  May  16th,  when,  if 
time  permits,  a  paper  will  be  read  by  Mr.  Mordey  on  "  Alternating 
Current  Working.'" 

A  ballot  took  place  at  which  the  following  were  elected : — 

Foi^eign  Member: 
E.  Mascart. 

MeTiiber : 
Henry  Sherley  Price. 

A88oci<Ue8  : 
James  Dawson.  |  Napier  Prentice^ 

Edward  Mark  Robinson.  r^^^^T^ 

Jigitized  by  VjOOQ IC 

The  meeting  then  adjourned. 
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The  One  Hundred  and  Ninety-fourth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Grreat  George  Street,  Westminster,  on  Thurs- 
day evening,  May  16th,  1889 — Sir  Wiluam  Thomson,  F.R.S., 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
May  9th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been  approved 
by  the  Council : — 

From  the  class  of  Students  to  that  of  Associates — 
Arthur  Henry  Lea. 

The  Secretaky  :  I  wish  to  remind  members,  some  of  whom 
are  no  doubt  aware,  that  there  are  still  copies  of  the  "Light- 
ening Rod  Conference  Report"  to  be  obtained,  either  from 
Mr.  G.  J.  Symons,  Secretary  to  the  Meteorological  Society,  who 
edited  the  Report,  or  on  application  to  me.  The  published  price 
was  7s.  6d.,  but  members  of  the  Institution  are  allowed  to  have 
copies  at  5s. 

The  President:  It  has  been  found  necessary  to  defer  the 
reading  of  Mr.  Mordey's  paper  on  "  Alternate  Current  Working," 
which  was  announced  for  this  evening,  because  the  discussion  on 
the  paper  by  Dr.  Lodge,  on  "Lightning  Conductors,"  was  not 
closed  at  the  end  of  last  meeting.  Under  these  circumstances, 
the  Council  have  resolved  upon  holding  an  extra  meeting  on 
the  30th  instant,  so  as  to  give  ample  time  for  discussion  on  Dr. 
Lodge's  paper  this  evening. 

I  have  now  to  call  upon  Mr.  Wimshurst  to  resume  the 
adjourned  discussion  on  Dr.  Lodge's  paper. 

Mr.  J.  Wimshurst  :   Sir,  I  wish  this  evening  to  repeat  the  Mr. 

'  .  Wimshurat 

experiments  of  last  week  with  the  larger  influence  machine,  to 
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better  show  that  the  impulsive  rush  does  prefer  the  point  to  the 
dome  under  every  condition  ;  and,  further,  that  under  any  condi- 
tion but  one  it  maintains  a  very  decided  preference  for  the  point. 
In  most  cases  it  will  leap  more  than  twice  the  distance  between 
the  cloud  and  the  dome.  I  will  show  that  experiment  at  once, 
and  it  will  be  well,  perhaps,  to  test  the  polarity  of  the  machine, 
so  that  we  may  see  which  terminal  is  positive  and  which  nega- 
tive. [Experiment.]  You  see  the  length  of  the  spark  is  about 
13  in.,  with  the  balls  arranged  as  at  present.  I  will  shift  them, 
the  larger  for  the  smaller,  so  as  to  show  the  diflference  which 
results.  You  will  observe  that  this  is  very  great.  It  is  of  the 
first  importance  to  know  the  polarity.  I  cannot  with  this 
changed  arrangement  get  a  longer  spark  than  about  7  in.  We 
now  know  the  polarity  of  the  machine,  and  I  will  leave  it  that 
way  for  the  rest  of  the  evening ;  the  positive  terminal  is  the  left- 
hand — the  small  ball ;  and  the  negative  is  at  the  right  hand,  or 
large  ball. 


Fig.  1. 

This  cloud  ai)paratus  (Fig.  1 )  consists  of  the  metal  cloud,  C; 
a  board,  B,  covered  with  tin-foil ;  D  is  a  metal  dome ;  W  is  a 
I)iece  of  metal  with  a  short  length  of  fine  binding  wire  which 
touches  the  tin-foil.  The  ui)per  end  I  will  press  with  a  rod.  The 
cloud,  C,  is  now   made  positive,  while   the   board,  B,  is  made 
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negative.    Thus  arranged  the  dome,  the  knob,  K,  and  the  point  5{5,jgh^„i, 
are  about  equally  struck — ^the  x>oint  having  a  small  advantage. 
[Experiment.] 

The  President  :  The  question  was  between  the  dome  and 
this  balL 

Mr.  J.  Wbishurst  :  Just  so,  or  the  point ;  for  there  are  three 
things. 

The  President  :  Oh,  three  things. 

;Mr.  J.  WiMSHURST  :  Shall  I  repeat  the  experiment  again  as  I 
had  it  ?  I  coainect  the  cloud,  C,to  the  chain  from  the  outside  of 
the  jar,  which  is  in  connection  with  the  large  ball. 

Mr.  W.  H.  Preece:  Could  you  come  to  this  comer,  Mr. 
Wimshurst  ? 

Professor  J.  Perry  :  It  is  diflScult  to  do  so ;  these  chains  get 
in  contact,  it  is  much  better  to  be  close  here. 

Jlr.  J.  Wimshurst  :  I  shall  be  quite  ready  to  vary  the  experi- 
ment in  any  way  you  wish.  I  will  now  alter  the  connection 
and  make  the  cloud  negative.  [Experiment.]  So  that  there 
may  be  no  misunderstanding  I  will  use  only  the  small  knob,  K, 
and  the  dome,  D.  [Experiment.]  The  small  knob,  K,  is  struck 
if  about  2^  times  as  far  from  the  cloud,  C,  as  is  the  dome,  D. 

Professor  J.  Perry  :  The  cloud  is  negative  ? 

!Mr.  J.  Wimshurst  :  Yes ;  ^hen  the  cloud  is  negative ;  you 
then  get  the  small  knob  selected.  This  experiment  removes  all 
doubt  about  the  point  being  supremely  useful ;  at  least,  I  think 
so. 

Professor  J.  Perry  :  At  the  same  time.  Dr.  Lodge  said  he  had 
never  found  any  difference. 

Mr.  J.  Wimshurst  :  Last  week  when  the  band  of  my  influence 
machine  failed,  from  age,  I  was  about  to  make  some  experiments 
upon  the  remaining  three  chief  points  in  Dr.  Lodge's  paper.  The 
first  was  that  which  he  calls  the  enormous  resistance  of  a  large 
copper  conductor ;  the  second  is  the  small  importance  which  he 
attaches  to  a  thoroughly  good  earth — ^his  observation  being  that  he 
might  make  it  ^'  equal  to  heaven  "  still  it  would  not  answer ;  and 
the  third  is  the  propriety  of  connecting,  as  he  now  recommend|J^^ 
all  pieces  of  metal  within  a  building  together  as  in  a  ring,  and 
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connecting  that  ring  to  earth.  This  latter  seems  to  me  to  be 
fatal  to  safety ;  but  I  will  show  you  some  experiments  bearing  upon 
these  points. 

To  test  the  first  of  them — the  enormous  resistance  of  the  con- 
ductors. Let  us  repeat  the  experiment  of  the  by-pass.  I^st 
week  I  explained  the  construction  of  the  analyser  (6)  (Fig.  2).  I 


Fig.  2. 

will  hand  it  to  the  President  that  he  may  see.  Here  are  blocks 
(c — d)  of  wood,  each  having  two  movable  arms,  one  with  a  large 
ball  and  the  other  with  a  small  ball  at  the  end ;  the  two  arms 
are  in  metallic  contact,  arranged  to  afford  two  paths,  so  that 
when  I  bring  the  two  blocks  within  striking  distance  the  spark  is 
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free  to  take  either  path.  It  is  a  rough  arrangement,  but  it  *y^j„hui.^t. 
answers  very  well.  I  will  connect  this  analyser  (6)  with  the 
outside  of  the  jars  e  and  /  and  we  see  the  result.  The  negative 
is  on  the  outside  coating  of  the  left-hand  jar  («),  and  the  positive 
on  the  outside  coating  of  the  right-hand  jar  (/).  [Experiment.] 
The  positive  selects  the  small  ball,  and  the  lower  path  {g)  is  used. 
This  wire  "  by-pass  "  is  about  70  feet  in  length.  I  have  placed 
one  end  of  it  at  this  comer  of  the  table  ;  it  then  runs  round  the 
table  legs  and  back  again,  the  other  end  being  at  the  other  comer 
of  the  table.  It  is  insulated  by  the  wood  of  the  table  and  is  not 
wound  in  any  special  manner,  but  merely  in  a  convenient  manner 
for  keeping  it  out  of  the  way.  I  will  connect  the  ends  of  the 
^*by-i)ass,"  with  the  chains,  to  the  analyser  (6).  The  spark  is 
now  very  much  shorter  than  when  the  "by-pass"  was  not 
oonnected,  and  we  find  [experiment]  the  opposite  path  (h)  is 
chosen. 

The  President:  Are  we  to  understand  that  the  balls  were 
■connected  by  the  long  wire  ? 

Mr.  J.  WiMSHURST :  The  connection  is  this :  the  chain  comes 
from  the  outside  coating  of  the  jar  («),  loosely  round  to  this  (Jc) 
•end  of  the  analyser ;  the  middle  of  the  chain  is  thrown  upon  the 
{i)  end  of  the  wire  conductor.  The  path  for  discharge  is  along 
the  chain,  through  the  wire  "  by-pass,"  and  to  the  jar  (/)  through 
the  other  chain  (i).  The  chains  are  loose,  and  are  thrown  over 
the  ends  (i  and  m)  of  the  "  by-pass  ; "  the  spark  is  free  to  pass 
silently  by  way  of  the  "  by«pass  "  or  to  leap  the  space  between  the 
balls  of  the  analyser. 

The  President  :  What  is  the  difference  between  this  arrange- 
ment and  the  preceding  arrangement,  when  the  long  spark  was  on 
the  side  next  us  ? 

Mr.  J.  WiMSHURST  :  At  first  the  analyser  only  was  in  connec- 
tion with  the  outside  of  the  jars,  the  "  by-pass  "  or  conductor  not 
being  in  use. 

Professor  D.  E.  Hughes  :  I  think  you  are  trying  to  represent 
the  A  and  B  spcurk,  are  you  not,  which  Professor  Lodge  spoke  of 
in  his  last  lecture  ?  r.      .  u  (^onalr^ 

Digitized  by  VjOOV  It, 

Mr.  J.  WiMSHURST :  Yes. 
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Mt.  ^        Mr,  J.  WiMSHUKST :  He  had  previously  spoken  of  the  B  spark 

as  a  measure  of  the  resistance  of  the  conductor,  and  in  his  paper 
he  adopted  the  view  taken  in  his  former  lectures  at  the  Society 
of  Arts  and  elsewhere. 

The  President  :  There  is  an  alternative  path  in  the  previous 
experiment  ? 

Mr.  J.  WiMSHURST :  In  the  first  case  I  had  simply  the  whole 
charge  leaping  from  one  ball  to  the  other  ball  through  the  space 
(g\  whereas  now  I  have  connected  the  alternative  path  of  some 
70  ft.  of  No.  12  gauge  copper  wire  in  circuit,  and  I  find  the  spark 
selects  the  other  path  (h).  I  think  that  that  is  an  indication  that 
the  charge  from  the  coating  of  one  jar  passes  silently  through  the 
"  by-pass  "  to  the  coating  of  the  other  jar.  The  B  spark  is  probably 
nothing  more  than  the  manifestation  of  an  oscillation.  I  cannot 
ascribe  it  to  anything  else.  Certainly  it  is  not  the  measure  of 
resistance ;  but  the  whole  matter  needs  further  investigation. 

To  show  the  importance  of  a  thoroughly  good  earth  connec- 
tion, which  lately  has  been  so  lightly  spoken  of,  I  will  use 
the  "  by-pass "  wire,  which  is  of  considerable ,  length,  and 
connect  its  two  ends  to  the  outside  coatings  of  the  two 
Leyden  jars,  for  that  arrangement  supplies  the  best  earth 
and  allows  the  charge  to  pass  through  it.  You  will  see  there 
is  very  little  tendency  to  side-flash;  it  is  a  nearly  perfect 
state  of  things,  and  with  such  perfect  earth  it  would  be  quite 
possible  for  a  man  to  hold  the  inch  lightning-rod,  while  the  flash 
strikes,  without  injury,  provided  that  he  is  insulated.  Let  us 
make  the  earth  less  perfect,  by  introducing  some  wet  paper  at  the 
end  of  the  wire — I  have  some  in  a  glass  here — and  we  shall  find 
that  the  side-flash  increases  as  the  badness  of  the  earth  increases ; 
do  what  we  may,  some  side-flash  will  occur ;  for  the  unlike  charges 
being  suddenly  released  seek  to  equalise  themselves  and  to  avail 
themselves  of  every  path  which  presents  itself.  It  seems 
to  me  that  this  is  quite  consistent  with  the  teachings  of  the 
earlier  electricians.  I  would  point  out  another  characteristic 
of  this  side-flash — for  every  feature  in  it  has  to  be  considered- 
it  is  that  the  tendency  to  side-flash  is  greatest  at  the  two 
ends  of  the   wire,  and    there  is  hardly  any  tendency  to  side- 
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flash  at  the  mid-length  of  the  wire,  which  is  almost  neutral.  ^^Jj^^^.^^. 
At  the  one  end  the   wire  "by-pass"  appears  to  be  positive, 
it  appears  to  side-flash,  if  I  may  say  so,  outwards,  while  at  the 
other  end  it  is  negative,  and   it  would  appear   to   side-flash 
inward^j.     The  ends  of  the  "  by-pass "  are  certainly  oppositely 
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Fig.  3. 


electrified.  I  will  now  place  these  Leyden  jars  (1  and  2,  fig.  3; 
near  to  the  conductor  to  be  struck  with  the  side-flashes ;  the  one 
ut  one  end  of  the  "  by-pass,"  the  other  at  the  other  end,  and 
allow  several  side-flashes  to  enter  the  jars ;  I  will  then  test 
the  jars    to   ascertain    the  charges  they  have  obtained,  when 
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wim*u«t  ^^  ^^'^  ^®  found  that  they  contaio  no  charge  whatever. 
This  experiment  appears  to  point  to  the  fad  that  the 
side-flash  is  oscillatory  in  its  character.  I  now  put  several 
of  these  side-flashes  in,  still  yon  see  the  jars  contain  nothing. 
I  have  not  tried  them  with  an  electroscope,  but  I  have  a  pith 
ball,  which  you  see  indicates  no  charge ;  I  then  bring  the  jars 
together,  we  still  see  that  there  is  no  charge  remaining,  although 
we  have  seen  many  sparks  enter.  I  will  now  put  some  loose 
pieces  of  metal  together,  and  you  see  that  the  side-flashing 
materially  increases  as  we  connect  the  pieces  together.  I  then 
connect  the  pieces  of  metal  to  earth,  and  the  side-flash  at 
once  becomes  violent;  the  electricity  seeks  as  many  paths  as 
it  can  find,  and  a  great  part  of  the  flash  jmsses  by  this  second 
l>ath.  I  will  now  connect  the  "  by-pass  "  and  show  this  effect. 
[Experiment.]  The  whole  length  of  the  "  by-pass  "  is  in  circuit 
between  the  two  outside  coatings  of  the  jars.  I  hold  the  sheet 
of  tin  in  my  hand  and  test  the  side-flash  at  this  end;  then 
connect  the  two  pieces  together,  and  you  will  see  that  the 
side-flash  increases,  [experiment]  for  the  larger  the  mass  of 
material  the  larger  must  be  the  tendency  to  side-flash  into  it. 
If,  on  the  contrary,  the  mass  were  small,  say,  a  pin-head  in  size, 
it  would  not  have  capacity  to  receive  a  flash.  Therefore,  con- 
necting pieces  of  metal  together  in  a  house  is  certainly  fatal, 
and  when  they  are  connected  to  earth,  which  I  will  now  show 
you,  the  enormous  increase  is  manifest.  I  will  now  show  you  the 
increase  in  the  side-flash  with  the  bad  earth.  I  take  this  piece 
of  paper  from  the  glass — it  has  been  soaking  all  the  evening ; 
I  place  it  between  one  end  of  the  "  by-pass  "  and  the  jar,  the  spark 
has  to  pass  through  about  5  inches  length  of  thoroughly  wet  paper. 
[Experiment.]  You  saw  that  it  materially  increased  the  side- 
spark.  That,  I  think,  again  is  only  what  might  be  expected. 
If  you  put  any  resistance  between  the  conductor  and  the  earth 
the  side-flash  must  be  larger. 

Professor  W.  E.  Ayrton  :  Have  you  got  your  lightning  con- 
ductor— ^that  is  to  say,  your  wire — also  connected  with  the  earth  ? 

Mr.   J.   WiMSHURST:    No,  it  is  simply  connected  with  the 
Leydenjars.  ^ 
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Professor  W.  E.  Aybton  :  Oh,  but  Professor  Lodge  said  that  ^^  .^j^^^t 
your  lightning  conductor  must  be  connected  also  with  the  earth. 

Mr.  J.  WiMSHURST :  It  is  connected  with  the  earth,  but  with 
an  indiflFerent  earth,  the  indifferent  earth  being  five  inches  of 
soaked  paper,  and  also  this  table.  I  will  show  you  the  experi- 
ment again,  first  without  the  paper  and  then  with  it. 

The  President  :  You  are  comparing  a  good  earth  and  a  bad 
earth? 

Mr.  J.  WiMSHURST :  Yes ;  I  will  now  put  the  wire  in  direct 
metallic  connection  with  the  bottoms  of  the  Leyden  jars. 

The  President  :  The  lightning  conductor  is  now  in  order  ? 

Mr.  J.  WiMSHURST :  Yes,  it  is  now  perfect. 

Professor  W.  E,  Ayrton:  When  you  put  an  earth,  do  you 
mean  the  thing  to  which  the  lightning  conductor  is  attached, 
or  the  gas-pipe  of  this  building  ? 

Mr.  J.  WiMSHURST  :  I  speak  of  a  perfect  earth.  • 

Professor  W.  E.  Ayrton  :  Have  you  got  it  connected  with 
this  (the  jar)  ? 

Mr.  J.  WiMSHURST :  Yes ;  Professor  Lodge  himself  says  that 
that  is  a  perfect  earth.  The  arrangement  now  is  that  the 
charge  from  the  one  coating  to  the  other  circulates  through  the 
whole  length  of  this  wire,  and  again  we  get  only  what  might 
have  been  expected,  viz.,  less  side  flash. 

With  reference  to  the  oscillations,  I  should  suppose  these  to 
be  proportional  or  about  proportional  to  the  length  of  the  metal 
rod  and  the  current  circulating  through  it.  If  so,  the  tendency 
in  actual  practice  cannot  be  very  great;  the  lightning-rod  is 
never  of  very  great  length.  I  have  several  times  tried,  by  the 
use  of  long  wires  and  a  number  of  Leyden  jars,  to  obtain  some 
small  indication  of  the  oscillation  on  a  sensitive-plate  rotating 
with  great  velocity,  but  as  yet  my  trials  have  been  failures ; 
I  shall  hope  to  do  more  in  this  direction.  I  now  hand  the 
photographs  I  have  taken  to  you,  sir,  for  you  to  distribute.  There 
is  no  indication  whatever  of  oscillation,  as  far  as  I  can  see. 

With  respect  to  the  observations  of  Professor  Lodge  last  week, 
that  he  used  a  Voss  machine  when  making  his  experiments,  and 
that  any  machine  of  that  type  would  answer  the  purpose,   ibr 
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Jr-  ,  further  investigation,  I  would  state  that,  in  making  experiments 
with  this  high-tension  electricity,  it  is  of  the  first  importance  to 
know  whether  the  charge  is  of  a  positive  or  negative  kind. 
Professor  Lodge,  it  would  seem,  has  worked  quite  regardless  of 
this  knowledge ;  but  I  think  all  here  will  know,  and  must  have 
noticed,  the  grave  errors  which  any  machines  capable  of  readily 
changing  their  polarity  are  likely  to  entail  on  the  user.  It  would 
be  far  better  to  fall  back  on  the  old-fashioned  frictional  machines 
when  others  of  a  more  reliable  character  cannot  be  obtained. 

If  I  may  occupy  your  time  for  a  few  more  minutes,  I  should 
like  to  show  you  an  experiment  with  the  spangled  jar.  It  is  not 
a  very  brilliant  experiment,  but  it  is  the  analogue  to  the  sparking 
which  we  saw  on  the  walls.  I  have  here  a  large  jar ;  there  is  no 
metallic  connection  with  the  inside  of  the  jar,  for  I  have  simph^  a 
sheet  of  tinfoil  rolled  up  and  suspended  upon  the  rod.  Now 
when  the  charge  and  discharge  passes,  they  induce  an  alteration 
of  charge  on  the  outside  coating,  and  I  get  sparkling  between 
the  spangles.  It  is  not  so  brilliant  by  any  means  as  it  would  be 
if  a  direct  charge  were  given  to  the  inside  coating.  [Experiment 
shown  with  the  gas  turned  down.]  It  is  a  charge  given  to  one 
body,  and  a  correspondingly  induced  charge  upon  the  surrounding 
walls. 

Professor  J.  Perry  :  Is  there  an  inside  coating  ? 

Mr.  J.  WiMSHURST:  Yes,  but  it  is  quite  insulated  from  the 
suspended  tinfoil.  The  sparkling  is  not  very  brilliant,  but  it  is 
enough  to  show. 

The  President  :  Will  you  tell  us  how  the  bottom  of  the  out- 
side coating  is  connected. 

Mr.  J.  WmsHURST:  It  is  connected  to  one  poie  of  the 
machine,  and  the  sheet  of  tinfoil  to  the  other  pole;  but  the  sheet 
of  tinfoil  is  insulated,  the  air  space  being  quite  sufficient  for 
that  purpose. 

I  would  wish  to  add  that  I  think  I  have  shown  that  Profi'ssor 
Lodge  has  stated  in  his  interesting  paper  views  which  i^robably  he 
may  reconsider,  and* which  I  have  brought  under  your  notice  by 
these  experiments.  For  instance,  he  states,  "With  reference  to 
"  the  point,  its  protective  virtue  so  much  insisted  on  by  the  older 
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"  electricians  is  entirely  non-existent/'  I  have  shown,  I  think,  Mr. 
that  this  is  inaccurate.  He  then  states  that  "  the  orthodox  rule 
**  of  connecting  all  pieces  of  metal  to  the  lightning  conductor 
"  requires  modification ; "  and  he  suggests  "  connect  all  pieces  of 
"  metal  to  each  other  and  to  the  earth,  but  not  to  the  conductor." 
Here,  again,  the  modification  is  certainly  worse  than  the  orthodox 
rule ;  and  on  many  of  his  other  suggestions  grave  questions  may' 
be  raised. 

For  these  reasons,  and  as  we  value  the  safety  of  our  buildings, 
it  seems  to  me  to  be  highly  desirable  that  the  subject  should 
receive  much  more  examination  before  the  influence  of  this 
Institution  is  directed  to  the  abolition  of  the  valuable  rules  laid 
down  by  the  older  electricians  sitting  at  the  Lightning  Rod 
Conference. 

I  may  say  that  any  part  of  this  apparatus  is  at  the  service  of 
any  other  speaker. 

The  President:  I  hope  that  as  Professor  Hughes  was  a 
member  of  the  Ligtning  Rod  Conference  he  will  let  us  have  his 
views  on  the  matters  under  discussion. 

Professor   D.  E.   Hughes  :    Dr.   Lodge   has  brought    before  frofeBeor 

"  Hughes. 

US  a  most  interesting  and  remarkable  paper,  and  it  is  a  paper 
-which'  invites  criticism.  Now,  whilst  I  admire  the  beauty 
of  the  experiments  which  he  has  shown,  I  disagree  with  some  of 
his  statements  and  conclusions.  I  quite  agree  with  the  first 
portion  of  paragraph  3,  where  he  says :  "  There  are,  therefore,  two 
"**  main  cases — (a)  When  the  strain  in  the  dielectric  near  the  earth 
**  has  been  of  gradual  growth,  in  which  case  the  path  of  discharge  will 
***  be  prepared  inductively  beforehand  ;  (6)  when  the  strain  arises 
**  so  suddenly  that  there  is  no  time  for  any  pre-arranged  path. 
*'  The  first  I  call  *  steady  strain ; '  the  second,  *  impulsive  rush.'  It 
**  is  most  important  to  recognise  these  two  cases,  and  to  understand 
<*  the  extremely  different  conditions  attending  the  two."  But  I 
cannot  agree  with  the  concluding  portion  of  this  paragraph,  where 
he  says  :  "  The  first  case  only  was  ever  contemplated  by  the  older 
**  electricians ;  in  fact,  so  far  as  I  know,  it  was  my  experiments 
**  last  year  which  first  called  attention  to  the  other  case."  ooglc 
I  do  not  think  that  Dr.  Lodge  was  the  first  to  call  attention  to 
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H^'hS^*^  the  effects  of  an  impulsive  rush,  and  this  statement  hardly  doe» 
justice  to  the  labours  of  the  older  electricians,  for  ever  since  the 
discovery  of  the  Leyden  jar  it  has  been  employed  for  this  object. 
Sir  W.  Snow  Harris,  in  his  work  on  "Lightning  Conductors,  1830,"' 
in  speaking  about  the  Leyden  jar,  said:  "The  year  1752,  which 
"  marks  an  important  era  in  electrical  science,  firom  the  celebrated 
"  discovery  of  the  principle  of  accumulation  just  mentioned,  gave 
"to  the  natural  philosopher  an  easy  method  of  concentrating 
"  large  quantities  of  electricity  produced  by  artificial  means,  so  as 
"  to  discharge  it  upon  or  through  bodies  with  an  instantaneous 
"  and  violent  explosion." 

Thus  he  recognised  the  importance  of  studying  the  eflfects  of 
an  impulsive  rush,  the  results  of  which  led  him  to  most  important 
conclusions,  both  as  to  the  best  material  and  form  of  conductor 
for  a  lightning-rod — his  conclusions  being  that  copper  tape  had 
practical  and  theoretical  advantages  over  rods  of  iron. 

If  subsequent  experimenters  failed  to  verify  the  conclusions 
of  Harris,  it  was  probably  due  to  the  employment  by  them  of  a 
too  feeble  electric  charge  where  the  impulsive  rush  was  not 
sufficient  to  reproduce  the  effects  that  he  had  noticed.  Professor 
Gruillemin  and  myself  not  only  verified  and  reproduced  Harris' 
results  in  1864,  but,  in  addition,  observed  an  extraordinary  result 
due  to  an  extremely  high  and  sudden  discharge  through  copper 
wires,  and  as  the  results  were  identical  with  those  cited  by  Dr. 
Lodge  in  his  chapter  on  "  Lightning  Protectors,"  and  as  I  called 
his  attention  last  year  to  these  results,  I  do  think  that  he  ought 
to  have  mentioned  our  names  and  Report  published  in  1865, 
instead  of  (by  his  silence  as  regards  our  previous  labours)  allowing 
readers  of  this  paper  to  infer  that  he  was  the  first  to  observe  these 
effects. 

In  the  year  1864,  Professor  Guillemin  and  myself,  as  members 
of  the  Commission  de  Perfectionraent  of  the  French  Telegraph 
Administration,  were  charged  with  the  mission  of  testing  the 
comparative  merits  of  the  lightning  protectors  then  used  upon 
their  lines  for  the  protection  of  the  telegraph  instruments  fh)m 
lightning.  These  experiments  were  carried  out  at  the  laboratory 
of  the  Ecole  de  St.  Cyr,  of  which  Professor  Guillemin  was  the 
^^^       Professeur  de  Physique. 
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Our  idea  was  to  employ  an  extremely  powerful  Leyden  jar  p«>'»^' 
discharge,  or  spark,  brought  into  action  as  suddenly  as  possible 
through  an  alternative  path  arrangement,  one  branch  of  which 
contained  the  electro-magnet,  or  a  fine  iron  wire  that  we  wished 
to  protect,  and  the  second  branch  as  ^  shunt  around  the  electro- 
magnet or  fine  iron  wire,  in  which  we  could  introduce  the  pro- 
tector, whose  duty  was  to  allow  a  current  of  high  tension,  such  as 
lightning,  to  choose  this  path  and  thus  protect  the  electro-magnet 
of  the  telegraph  instrument. 

The  general  idea  of  our  experimental  arrangement  was  the 
following : — 


In  order  to  have  a  powerful  source  of  electricity  at  high 
tension  we  made  use  of  a  large  Leyden  jar  battery.  A,  of  six  large 
jars,  having  a  total  condensing  surface  of  about  1  square  metre, 
and  as  we  found  it  took  too  long  to  charge  these  with  the  ordinary 
electrical  machines,  we  used  a  powerful  RhumkorfT  coil  giving  a 
spark  of  30  centimetres.  The  jars  were  charged  to  a  fixed  degree 
through  the  wires  G  and  J,  which  were  removed  before  discharg- 
ing the  jar.  A  fixed  cliarge  was  given  to  the  jars  and  measured 
by  the  electrometer,  H,  and  could  be  discharged  through  the 
apparatus  by  vieans  of  the  universal  discharger,  B.  An  insulated 
rod  of  brass,  C  D  E  F,  served  to  conduct  the  charge  to  the  experi- 
mental protector  at  E,  and  also  to  the  electro-magnet  or  fine  iron 
wire  introduced  at  F  to  the  return  wire  or  plate  L 

With  this  an-angement,  and  using  our  highest  power,  we  at 
once  found  this  curious  result,  viz.,  that  we  could  not  protect 
our  electro-magnet  or  fine  iroiT  wire  at  F  from  being  burnt, 
notwithstanding   that    we  introduced   the  best   known   form  In 
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Prof«Mor     protector  as  a  shunt  at  E,     We  then  joined  E  metallically  by  a 
copper  wire,  and  failing  still  to  protect  F  we  joined  C  direct  to 
earth,  or  the  return  plate  I,  by  a  short  thick  copper  wire  of  one 
centimetre  diameter.     Even  in  these  conditions,  where  a  short 
thick  copper  return  wire  was  in  advance  of  the  electro-magnet, 
there  would  still  be  sufficient  current  pass  through  the  shunted 
electro-magnet  to  entirely  destroy  it.    Now,  here  we  had  evidently 
a  more  sudden  charge  or  impulsive  rush  than  occurs  generally  in 
practice.     So  there  seems  to  be  much  truth  in  the  remarks  made 
by  Mr,  Preece  and  Professor  Fitzgewdd,  that  a  discharge  from  a 
cloud  is  very  diflFerent  and  much  slower  than  that  from  a  metallie 
condenser.     On  the  other  hand,  there  are  no  doubt  sudden  light- 
ning discharges  observed  on  our  telegraph  lines  which  not  only 
equals  but  far  surpasses  anything  we  have  yet  seen  in  laboratory 
experiments. 

Mr.  Frank  L.  Pope,  in  a  discussion  upon  my  paper  upon  Self- 
induction,  in  1886,*  mentioned  that  it  was  a  well-ascertained 
fact  in  the  United  States  that  their  electro-magnets  were  often 
destroyed  during  lightning  storms,  notwithstanding  that  they 
had  joined  their  wires  direct  to  earth  by  a  short  wire  in  advance 
of  the  electro-magnet.  Thus  verifying  in  practice  the  results  that 
we  had  experimentally  obtained. 

In  order  to  test  the  comi>arative  value  of  different  pro- 
tectors, we  diminished  the  charge  to  a  point  where  a  marked 
difference  in  their  behaviour  was  shown.  The  results  were  given 
in  a  report  which  I  made  as  reporter,  and  published  in  the 
Annalea  Tdegraphiqicey  1865  (tome  viii,,  pp.  290  to  302),  in  which 
we  recommended  (in  addition  to  the  use  of  a  shunt  protector) 
the  insertion  of  a  short  length  of  fine  iron  wire  (bobi/ne  preaerua-' 
trice)  in  the  main  line,  the  fusion  of  which  v?T)uld  act  as  a 
cut-out  (similar  in  function  to  those  now  used  in  electric 
lighting),  and  thus  in  all  cased  preserve  the  electro-magnet. 

Having  been  called  to  Bussia,  I  was  unable  to  continue  these 
experiments;  but  Professor  Guillemin,  having  taken  a  great 
interest  in  them,  he  continued  them,  and  published  his  results 
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in  the  Gomptes  Benches^  1866,  In  this  paper  he  demonstrated,  P^^^r 
by  experiments,  the  advantage  of  a  sheet  conductor  over  that  of 
a  circular  section,  and  thus  verified  the  conclusion  of  Sir  W. 
Snow  Harris.  And  he  also  showed  that  Ohm's  law  for  steady 
currents  does  not  hold  good  for  Leyden  jar  discharges  during 
the  variable  period. 

I  believe  that  the  eflfects  observed  by  Sir  W,  Snow  Harris, 
Professor  Guillemin,  myself,  and,  later,  by  Dr.  Lodge,  can  be 
explained  by  self-induction ;  and  it  is  curious  how  very  nearly 
the  earlier  experimenters  perceived  this.  Until  lately  I  believed 
(through  reading  somes  abstracts  only  of  Harris's  results)  that 
he  believed  that  the  advantage  of  sheet-conductors  was  due  to 
their  greater  electrostatic  capacity,  This  is  an  error,  for  in  his 
work  on  the  "  Nature  of  Thunderstorms,"  1843,  an  abstract  of 
which  is  given  in  the  "  Repoit  of  the  Lightning-rod  Conference," 
page  86,  he  said: — ^*^The  beneficial  eflFect  of  superficial  con- 
^*  ductors  appears  to  depend  on  the  removal  of  the  electrical 
**  particles  further  out  of  the  sphere  of  each  other's  influence." 

Professor  Guillemin,  1866,  said: — "This  phenomenon  arises 
**  apparently  from  the  inductive  action  of  conductors  upon  each 
**  other.  Increasing  their  surface  facilitates  the  discharge  by 
^^  increasing  the  distance  between  mutually  opposing  forces." 

In  my  paper  upon  Self-induction,  1886, 1  said  : — "  It  is  well 
*'  known  that  currents  in  separate  portions  of  the  same  wire  (as 
"  in  a  coil)  react  upon  each  other,  and  I  felt  convinced  from  the 
"  preceding  experiment  that  self-induction  is  entirely  due  to 
'^  similar  electro-magnetic  reactions  between  contiguous  portions 
^'  of  the  current  in  its  own  wire.  Let  us  assume  that  an  electric 
^*  current  consists  of  a  bundle  or  an  almost  infinite  number  of 
**  parallel  currents,  the  limit  being  a  single  line  of  consecutive 
**  molecules ;  then  each  line  of  current  should  by  its  electro- 
*'  magnetic  action  react  on  each  of  the  others  similarly  to  wires 
**  conveying  separate  portions  of  the  current,  and  the  self- 
*^  induction  should  be  at  its  maximum  when  the  lines  are  in  the 
**  closest  possible  proximity,  as  in  a  conductor  of  circular  section, 
"  and  far  less  when  separated,  as  in  one  of  ribbon  form."  Qqqq[^ 

Dr.  Lodge  says  in  bis  paper,  paragraph  Fy  page  412 : — ^  Tlie 
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^^o^r  «  electrical  disturbance  is  conveyed  to  a  conductor  through  the 
"  ether  or  space  surrounding  it;  expressed  more  simply — 
**  lightning  currents  make  use  of  the  periphery  of  a  conductor 
"  only,  and  so  the  more  surface  it  exposes  the  better.  Better 
"  than  a  single  rod  or  tape  is  a  number  of  separate  lengths  of 
"  wire,  each  thick  enough  not  to  be  easily  melted,  and  well 
"  separated,  so  as  not  to  interfere  with  each  other  by  mutual 
"  induction," 

I  do  not  quite  agree  with  Dr,  Lodge's  theoretical  view,  but 
I  judge  from  the  above  that  he  advocates  a  tape  form  in  pre- 
ference to  a  single  conductor  of  circular  section ;  he  does  not, 
however,  attribute  much  importance  to  this,  as  he  says  &rther 
on,  paragraph  56: — "The  shape  of  cross-section  is  but  little 
"  matter.  Flat  ribbon  has  a  slight  advantage  over  round  rod, 
"  but  not  enough  to  override  questions  of  convenience." 
^  This  does  not  fully  agree  with  the  views  of  Sir  W.  Snow 
Harris,  Professor  Guillemin,  nor  myself — the  first  two  having 
demonstrated  with  Leyden  jar  discharges  a  very  great  advantage 
in  the  use  of  flat  ribbon,  and  I  demonstrated  the  same  in  1886 
for  voltaic  currents — the  difference  in  copper  being  50  per  cent, 
in  favour  of  the  flat  ribbon  form  ;  and  in  iron  still  greater,  for 
here  a  flat  strip  of  iron  was  1,000  per  cent,  superior  to  a  rod  of 
the  same  ohmic  resistance,  but  of  circular  section. 

As  our  time  is  limited  I  will  not  enter  into  the  question  of 
copper  versus  iron. 

The  President  :  You  have  experimented  so  very  much  upon 
the  impulsive  current  in  copper  and  in  iron  conductors  of  various 
shapes,  that  I  should  much  like  to  hear  your  remarks  upon  that 
part  of  the  paper. 

Professor  D.  E.  Hughes  :  As  regards  the  choice  of  metal,  it  is 
a  question  of  relative  cost  and  convenience,  for  I  regard  both  iron 
and  copper  as  very  suitable,  provided  we  diminish  the  enormous 
self-induction  of  an  iron  rod  by  employing  iron  in  the  form  of 
tape,  or,  better  still,  in  numerous  separated  smaller  wires  whose 
total  ohmic  resistance  is  no  greater  than  that  of  a  solid  rod. 

Leaving  aside  the  question  of  relative  cost  and  convenience,  I 
f  o  not  agree  with  Dr.  Lorlge  where  he  says  ^parayraph  55)  "iron 
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has  advantages  over  every  other  metal."    Nor  can  I  agree  with  g^'^"^* 
the  theory  of  Oliver  Heaviside,  if  it  leads  to  the  conclusion  that 
iron  for  telephone  wires  is  better  than  copper. 

The  PkESIDENT  :  He  was  very  guarded  in  the  statement,  and 
said  that  an  arrangement  of  iron  was  suggested  which  might  be 
an  improvement,  but  the  ordinary,  iron  wire  was  recognised  as 
being  very  inferior  in.  practical  conductivity  to  copper  wire  in 
regard  to  magnetisation. 

Professor  D.  E.  Hughes  :  I  am  very  glad  to  hear  this,  for  I 
believed  that  Oliver  Heaviside's  theory  agreed  with  Dr.  Lodge's 
statement  as  to  the  advantages  of  iron. 

Franklin  recommended  iron»as  having  a  higher  fusing  point. 
I  believe,  however,  that  this  is  not  important,  for  any  lightning 
charge  that  is  sufl&cient  to  fuse  copper  would  be  dangerously  near 
the  fusing  point  of  iron ;  besides,  iron  when  fused  by  a  sudden 
electric  current  does  so  with  explosive  force,  lending  oflF  pieces 
which  bum  with  violence,  thus  increasing  the  danger  from  fire. 
With  copper  it  is  diCFerent,  and  Dr.  Lodge  himself  quotes  an 
example  from  the  report  of  the  Lighrning-rod  Conference  (p.  195), 
where  a  small  copper  bell-wire  protected  a  house  in  Monte  Video, 
the  flag-staff  of  which  was  shattered,  the  copper  wire  melted 
without  any  further  harm. 

Dr.  Lodge  has  made  some  experiments,  quoted  in  his  lecture 
to  the  Society  of  Arts,  in  which  he  seemed  to  demonstrate  that 
iron  (when  tested  by  his  peculiar  method)  was  better  than  copper. 
Xow,  as  these  results  were  opposed  to  all  our  previous  experiments, 
we  had  to  examine  closely  the  conditions  of  the  experiments. 
Many  who  have  examined  aud  repeated  these  experiments  find 
that  the  conditions  of  the  experiments  are  not  those  which  occur 
in  a  lightning  discharge. 

I  pointed  out  to  Dr.  Lodge  that  I  did  not  believe  that  the  B 
spark  (upon  which  he  depended  for  his  proof)  was  simultaneous 
with  that  of  the  A  spark.  Mr.  Acheson,  in  the  United  States, 
made  a  series  of  brilliant  experiments  on  this  subject,  in  which 
he  proved  that  the  B  spark  was  not  simultaneous  with  that  of  A, 


and  that  the  B  spark  w^is  due  to  an  extra  current.     Mr.  Preece 
has  ably  criticised  Dr.  Ledge's  method,  and  proves  that  the  charge 
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Hu'^'  of  the  Leyden  jars  were  not  the  same  in  different  trials.  IVfr. 
Wimshurst  has  shown  this  evening,  in  his  very  beautiful  experi- 
ments, that  the  direction  of  the  current  influences  the  result. 
Therefore  I  do  not  admit  that  Dr.  Lodge's  experiments  on  this 
subject  prove  anything,  except  that  by  a  very  complicated 
arrangement  of  Leyden  jai-s  and  circuits  you  can  prove  that  iron 
is  better  than  copper,  and  also  a  comparatively  bad  conductor 
delaying  a  current  is  better  than  a  good  one  that  allows  the 
charge  to  be  at  once  conducted  to  earth. 

I  have  tried  to  obtain  some  direct  proof  of  the  superiority  of 
copper  with  Leyden  jar  discharges,  as  I  have  already  proved  by 
the  voltaic  current ;  but  as  yet  I  have  no  method,  except  some 
equally  open  to  objection  as  that  of  Dr.  Lodge's ;  but  I  have  found 
one  result  which  seems  to  me  to  be  hopeful. 

We  know  that  the  comparative  high  self-induction  in  iron  is 
due  to  circular  magnetism,  so  I  took  a  soft  iron  rod,  which  was 
previously  free  from  circular  magnetism,  and  discharged  a  Leyden 
jar  through  it,  the  rod  lying  horizontal  east  and  west.  After  the 
discharge  it  was  again  tested  and  found  to  have  strong  traces  of 
remaining  circular  magnetism ;  so  I  think  this  a  hopeful  proof 
that  there  is  sufficient  time  during  a  discharge  to  produce  circular 
magnetism  in  an  iron  wire. 

Perhaps  it  may  be  of  some  interest  for  me  to  describe  briefly 
my  method  of  testing  for  circular  magnetism,  as  it  is  extremely 
difficult  to  find  if  an  iron  wire  has  circular  magnetism  or  not,  as 
it  shows  no  evidence  of  external  magnetism,  and  our  magneto- 
meters fail  to  indicate  the  magnetic  condition  of  a  piece  of  iron 
in  which  there  is  a  perfect  closed  circuit  of  internal  magnetism. 
But  if  we  seek  for  the  Wiedemann  effect,  by  jmtting  the  appar- 
ently neutral  wire  under  elastic  torsion,  we  may,  if  the  circular 
magnetism  is  sufficiently  strong,  obser\'e  the  effect  on  an  ordinary 
magnetometer.  For  feeble  effects  I  am  obliged  to  use  an  apparatus 
invented  by  myself,  and  described  in  my  paper  to  the  Royal 
Society,*  in  which  an  insulated  coil  of  wire  surrounds  the  wire 
to  be   tested,  the   coil   being   connected  with  a  telephone  and 


niniri7Pd  by 
*  Proc.  Roy.  8oe.,  1881,  p.  526 ;  1883,  p.  0. 
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rheotome.  When  elastic  torsion  is  applied  to  the  wire,  induced  huI^Sw?' 
currents  are  produced  in  the  coil,  which  we  can  plainly  hear  in 
the  telephone ;  the  eflfiect,  however,  does  not  last  very  long,  as 
repeated  torsions  destroy  the  circular  magnetism.  The  effect  can 
be  rendered  continuous  by  passing  a  weak  voltaic  current  through 
the  wire,  in  which  case  we  hear  the  induced  current,  produced  by 
the  reaction  of  the  circular  magnetism  produced  by  the  passage 
of  the  voltaic  current. 

If  we  look  to  the  practical  results  of  long-distance  telephony 
and  telegraphy,  we  find  universal  testimony  in  favour  of  copper 
in  place  of  iron.  They  have  proved  in  the  United  States  that 
they  are  enabled  to  work  the  telephone  at  a  distance  of  1,000 
miles  through  copper  wire,  when  the  same  results  cannot  be 
obtained  through  more  than  200  miles  of  iron  wire.  They  find 
the  same  diflFerence  all  over  the  Continent,  Sir  W.  Thomson, 
in  his  Presidential  Address  this  year,  cites  a  letter  from  Mr. 
Bennet  also  proving  the  same  fact.  As  regards  telegraphy, 
Mr.  W.  H.  Preece  conclusively  proved,  in  his  remarkable  paper,* 
that  he  could  more  than  double  the  speed  of  the  Wheatstone 
instrument  by  the  use  of  copper  wire. 

Taking  all  these  facts  into  consideration,  I  should  certainly 
prefer  copper,  not  only  for  a  telegraph  and  telephone  line  but 
also  as  the  best  material  for  the  conduction  of  lightning  dis- 
charges. 

If  I  had  to  choose  a  lightning  conductor  for  my  own  house 
and  wished  to  feel  perfectly  safe,  independent  of  any  theoretical 
views,  I  should  feel  that  by  the  choice  of  a  copper  tape  in  place 
of  a  rod  there  could  not  be  any  theoretical  or  practical  objection 
to  its  use ;  and  as  regards  choice  between  copper  and  iron,  as 
iron  can  never  have  less  self-induction  than  copper,  I  should  feel 
perfectly  safe  in  choosing  a  copi^er  tape  in  place  of  an  iron  rod, 
this  being  my  ideal  perfect  lightning  conductor. 

Mr.  G.  J.  Symons,  F.R.S. :  I  do  not  rise.  Sir,  to  speak  on  the  Mr.  sj-moxw 
electrical  matters  in  this  paper,  as  I  should  be  hopelessly  out  of 
place  in  doing  so,  but  simply  as  the — ^amanuensis,  shall  I  put  it, 


•  Biicish  Aflflociatiou,  September,  1885. 
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Mr.symons.  of  the  Conference  which  Bat  some  ten  years  ago  upon  this  question 
of  lightning-rods ;  and  the  remarks  I  have  to  make  are  rather 
historical  and  critical  than  electrical.  •  I  hope,  however,  that  you 
will  bear  with  me  a  Kttle,  because  I  think  that  Dr,  Lodge  has  not 
realised  what  I  was  going  to  express  as  the  terrible  mischief  which 
he  may  be  doing.  That  is  a  strong  expression  to  use,  but  at  the 
same  time  the  amount  invested  in  lightning  conductors  through- 
out the  world  must  amount  to  several  millions  sterling;  eveiy 
public  building,  whether  it  is  the  Houses  of  Parliament,  West- 
minster Abbey,  or  whatever  it  may  be,  is  protected  by  lightning 
conductors,  and  we  are  told  that  all  these  lightning  conductors  are 
wrong  in  principle  and  are  dangerous.  That  is  a  very  alarming 
thing  as  regards  both  life  and  property,  and  I  venture  to  think  that 
a  statement  of  that  sort  should  not  be  allowed  to  pass  without 
very  severe  criticism.  Of  course  if  there  can  be  an  improvement 
of  any  kind  in  such  an  essential  and  important  apparatus,  it  would 
be  wrong  for  any  one  to  stand  up  against  it,  but  on  the  one  hand 
we  have  the  records  of  the  behaviour  of  conductors  during  more 
than  a  century  ;  on  the  other  hand,  laboratory  experiments. 

I  personally  feel  very  doubtful  whether  laboratory  experiments 
suflSciently  represent  real  lightning ;  but,  be  that  as  it  may,  I  am 
not  going  to  say  anything  whatever  about  them,  not  being  com- 
petent to  do  80. 

I  will  now  refer  seriatrni  to  some  points  in  Dr.  Lodge's  paper. 

In  the  early  part  of  his  paper  he  refers  to  the  system  which 
as  carried  out  at  the  Hotel  de  Ville,  Brussels,  and  speaks  of  that 
in  these  terms  :  "  I  may  say,  however,  that  I  have  seen  no  occasion 
**  since  to  importantly  modify  any  of  them,  and  that  my  position 
"  in  respect  to  these  practical  hints  is  stronger  now  than  it  was  then, 
"  inasmuch  as  I  find  that  the  large  experience  of  the  Belgian 
"  electricians,  who  have  given  more  attention  to  the  subject  than 
"  perhaps  any  other  school,  has  led  them  to  recommend,  in  recent 
"  years,  almost  precisely  the  same  methods  of  protection  as  those  I 
"  advocated ;  their  views  being  acquired  almost  entirely  by  practical 
**  experience,  and  scarcely  at  all  by  theory,"  In  the  first  place  there 
was,  I  believe,  only  one  man  (and  he  has  unfortunately  passed 
away)  in  Belgium,  of  the  Belgian  electricians  who  held  these  views 
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—that  was  M,  Melsens,  who  was  consulted  with  reference  to  the  M'-  symons. 
Town  Hall  at  Brussels,  and  who  put  up  the  most  wonderful  bird- 
cage of  conductors  that  has  ever  been  put  up.  Dr.  Lodge  tells 
us  that  that  building  has  been  damaged  by  lightning!  That 
does  not  say  very  much  for  the  system  which  Dr.  Lodge  himself 
gays  is  very  nearly  carrying  out  his  own  views. 

Then  with  reference  to  the  terminals.  I  am  very  much 
surprised  to  hear  this  question  as  between  knobs,  points,  and 
balls  coming  up  again,  because  it  was  all  thrashed  out  about 
120  years  ago.  There  was  a  large  powder  magazine  down  at 
Purfleet  which  was  damaged  by  lightning,  and  a  committee  of 
the  Royal  Society  was  appointed  to  investigate  what  had  been 
done  and  why  it  happened,  and  they  examined  Priestley, 
Hindley,  and  a  number  of  the  first  electricians  of  that  day  upon 
this  very  question  of  knobs  and  points.  Of  course,  as  is  clearly 
stated,  in  the  Lightning-rod  Report,  the  point  is  supposed  to 
discharge  two  duties — and  that  is  the  reason  why  the  Conference 
recommended  a  blunt  terminal  surrounded  by  a  number  of  sharp 
points.  The  blunt  terminal  was  intended  to  receive  a  disruptive 
shock,  if  such  a  thing  should  happen  to  fall  upon  the  conductor, 
and  the  sharp  points  were  supposed  to  dissipate  the  electricity 
from  the  earth  and  so  reduce  the  potential  in  the  vicinity  of  the 
stroke.  But  surely,  with  respect  to  a  cloud  thousands  of  yards 
in  area,  the  difference  between  a  point,  say  -xiis  of  an  inch  in  area, 
and  a  ball  a  foot  in  area,  vanishes. 

Professor  Lodge  refers  in  the  next  place  to  protection  with 
respect  to  chimneys,  and  he  had  a  gas-flame  to  represent  a 
a  chimney.  There  is  no  doubt  whatever  that  a  hot-air  current 
is  a  very  excellent  conductor,  and  for  that  reason  the  Lightning- 
rod  Conference  have  always  held  (I  am  not  quite  sure  whether 
it  was  mentioned  in  the  Report)  that  we  should  look  more  to  the 
protection  of  the  kitchen  chimney  than  of  any  other  chimney 
in  a  house,  because  the  kitchen  chimney  is  the  only  one  in 
summer  which  has  a  fire  at  the  bottom  of  it  and  has  any  hot  air 
coming  from  it.  But  when  he  speaks  of  the  Continental  plan  of 
a  cross-bar  over  the  top  of  a  factory  chimney,  with  a  spike  rising 
up  from  that,  being  by  far  the  best  way  of  protection,  I  do  ndt 


502  LIGHTNING,  LIGHTNING  CONDUCTORS,  Etc.     [May  16th, 

Mr.symon9.  agree  with  him,  because  I  have  myself  seen  on  the  Continent  a 
considerable  number  of  conductors  of  that  sort  which  have  got 
out  of  order  in  consequence  of  the  hot  fumes  passing  corroding 
the  iron-work — they  generally  use  iron — ^and  of  course  the  whole 
thing  tumbles  to  pieces.  What  the  Lightning-rod  Conference  re- 
commended seems  to  me,  with  due  respect  to  Professor  Lodge,  a 
preferable  system ;  and  they  recommended  the  system  proposed 
long  ago  by  Faraday,  that  there  should  be  a  flat  ring  on  the  top 
of  the  chimney,  entirely  surrounding  it,  but,  further,  that  that 
ring  should  be  furnished  with  a  number  of  points  that  should  do 
the  silent  discharge  business,  while  if  a  disruptive  discharge  came 
it  would  find  the  ring  itself  and  have  plenty  of  material  upon 
which  to  act. 

With  respect  to  the  question  of  size,  I  was  rather  sorry  to 
hear  what  Mr.  Preece  said.  I  know  that  Mr.  Preece's  authority 
is  infinitely  beyond  mine,  and  that  he  has  always  held  strong 
views  as  to  very  small  wires  being  sufficient  for  carrying  off  a 
flash  of  lightning.  I  think  that  possibly  that  is  because  the 
bulk  of  his  experience  has  been  with  wires  running  down  and 
protecting  telegraph  posts.  I  do  not  know  at  all,  I  speak  quite 
subject  to  correction,  but  it  seems  to  me  as  possible  that,  in  the 
presence  of  the  very  large  mass  of  wires  carried  by  these  posts, 
disruptive  charges,  if  they  fall  upon  posts,  are  considerably 
diminished  in  intensity.  Certainly  the  Conference,  when  they 
were  considering  this  subject,  found  that  rods  of  iron,  and 
platinum  even,  of  considerable  dimensions  were  melted.  The  one 
case  which  I  quote  is  that  of  the  New  York  packet  struck  by 
lightning  in  the  Gulf  Stream  in  April,  1827.  I  am  now  reading 
from  Snow  Harris's  book,*  and  it  says — "  In  this  case  the  discliarge 
"fell  on  a  painted  iron  rod  four  feet  long  and  half  an  incli  in 
"  diameter;  some  few  inches  of  the  rod  near  its  point  were  melted; 
"  the  linked  iron  chain  which  descended  from  this  rod  to  the  water, 
"  about  a  quarter  of  an  inch  in  diameter,  was  knocked  in  pieces  by 
*'  the  expansive  force  of  the  shock,  and  some  of  the  links  fused. 
"  The  flash  of  lightning  not  only  melted  some  of  the  links,  but 

I  •  Snow  Harrip,  "On  the  Nature  of  Thunderal 
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'^^  caused  them  to  bum  like  a  taper.  The  melted  iron  fell  in  glow-  ^'-  symoni. 
^*  ing  drops  on  the  deck.  The  results  of  a  great  natural  experiment 
^'are  here  presented  to  us,  and  we  see  that  an  iron  rod  of  half  an 
''^  inch  in  diameter  effectually  resisted  a  flash  which  fused  a  chain 
"  of  about  one  half  of  its  dimensions."  In  the  Lightning-rod 
Conference  Report,  page  223,  several  instances  are  given,  but 
perhaps  the  most  striking  of  all  was  that  at  Carcassone,  in  the 
south  of  France,  in  which  the  conductor,  seven-tenths  of  an  inch* 
in  diameter,  was  fused*  As  such  cases  happen,  I  think  that  a 
No.  5  B.W.Gr.  wire,  which  I  think  is  what  Professor  Lodge  re- 
commends, would  very  quickly  go  out  of  the  way  on  being  struck, 
and  then  you  would  have  the  difficulty  that  the  building  would 
be  left  entirely  without  protection. 

With  respect  to  iron  and  copper,  I  think  that  those  who 
will  have  the  goodness  to  peruse  our  Report  will  see  that  we 
vere  by  no  means  absolute  as  to  the  preference  for  copper.  The 
Conference  did  prefer  copper,  and  they  gave  their  reasons  for  so 
doing,  but  they  also  gave  iron — and  of  course  iron  is  very  largely 
used,  especially  in  France,  where  they  go  in  very  freely  for  con- 
•ductors  with  much  longer  upper  terminals  than  are  used  in  this 
<50untry. 

Then  we  come  to  the  question  of  a  copper  rod,  and  whether  a 
man  may  or  may  not  grasp  it  with  impunity,  which  Mr.  Preece 
said  he  would  do.  I  was  delighted  to  hear  Mr.  Wimshurst  say 
that  he  thought  that  there  would  be  no  danger ;  that  is  my  own 
opinion,  but,  of  course,  as  I  said  before,  my  opinion  on  a  purely 
electrical  matter  is  worth  nothing. 

At  the  end  of  the  paper  Dr.  Lodge  quotes  a  number  of 
instances  from  our  Report,  but  I  confess  I  do  not  quite  know  why, 
because  it  is  not  obvious  that  they  contradict  any  of  the  recom- 
mendations that  we  have  made.  Of  course  there  is  the  question 
of  protected  area ;  that  is  a  very  doubtful  subject,  but  still,  there 
is  the  fact  that  hundreds  of  instances  have  been  collected  together 
of  strokes  falling  near  conductors,  but  we  have  never  yet  found  a 
case  in  which  any  damage  has  been  done  within  the  protected 
area  as  defined  by  us,  and,  therefore,  if  that  '^  protected  area"  be 
not  absolutely  true  it  seems  to  me  that  there  is  very  stroi^ 
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Mr.  sjmoni.  evidence  in  its  favour.  At  tlie  bottom  of  slip  13,  Dr.  Lodge  quotes 
the  instance  of  a  church  being  slightly  injured  on  May  18th,  1877, 
at  Garding,  in  Germany.  But  it  aj^pears  that  they  did  not  follow 
our  rules ;  they  took  the  conductor  down  the  north  side  of  the 
steeple,  not  down  the  ^vet  side  as  we  advised. 

Again,  on  the  same  slip  and  under  No.  43,  Dr.  Lodge  raises  a 
question  on  a  statement  by  Professor  Fitzgerald,  at  Bath.  He 
says :  "  Illustrating  a  7)iaUer  important^  if  true,  suggested  by 
"  Professor  Fitzgerald^  theo^^etically^  at  Bathy  not  yet  verified  bjf 
"  me.  In  two  cases  the  stroke  broke  the  conductor  at  points 
*'  where  its  direction  was  abruptly  changed." 

That  is  one  of  our  rules — never  bend  a  conductor  at  a  sharp 
angle  {see  Report,  p.  18).  The  above  stalement  is  an  illustration 
of  the  result  of  not  obeying  that  rule. 

Then  with  respect  to  the  brush  discharges  from  the  conductor 
and  surging  circuits  in  the  neighbourhood,  he  says :  '*  Two 
"  electrical  phenomena  are  to  be  noted  as  sometimes  occurring 
"  when  a  lightning-rod  is  struck  ...  a  peculiar  noise  is  heard 
"  like  i)ouring  water  on  a  fire,  and  electric  sparks  are  emitted  from 
"  bodies  near." 

That  is  a  quotation  from  a  paper  by  Duprez,  but  I  think  it 
would  have  been  equally  fair  to  the  subject  to  have  quoted  two 
or  three  other  words  which  are  in  the  same  abstract  (Rejwrt, 
p.  96),  viz.,  that  M.  Duprez  "  considers  a  properly  constructed 
**  lightning-rod  to  be  a  perfect  safeguard."  As  one  half  of  the 
story  was  quoted,  the  other  half  may  as  well  be  added. 

I  now  come  to  the  last  slip,  and  there  we  have  a  series  of  what 
Dr.  Ijodge  calls  practical  questions.  They  are  from  No.  51  onwards, 
and  I  have  gone  carefully  through  them  as  compared  with  our 
Report,  and  the  result  is  that*  nearly  all  those  rules — I  suppose 
they  might  almost  be  called — are  in  our  Report,  and  are  in 
accordance  with  it,  therefore  I  do  not  quite  understand  what  is  the 
use  of  reprinting  them. 

In  conclusion,  I  hope  that  in  some  way  or  other  this 
great  Institution  and  the  very  distinguished  men  who  are  here 
present  will  express  something  in  the  way  of  a  distinct 
opinion,  so  that  it  shall  not  go  forth  that  all  that  has  been  done 
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up  to  the  present  time,  in  every  country  throughout  the  globe,  Mr.  s>inon8. 
has  been  wrong.     It  is  certainly  hard  for  the  new  system  that  at 
the  only  large  building  to  which  it  has  been  applied — the  Town 
Hall  at  Brussels — it  has  failed. 

Lieut.-Col.  R.  Y.  Armstrong,  K.E. :  It  will  be  readily  under-  ueutcoi. 

•^  Armstrong. 

stood  that  the  War  Office  takes  a  keen  interest  in  discussions  on 
the  efficiency  and  economy  of  lightning  conductors,  and,  as  I  have 
had  to  do  with  the  matter  in  question  for  many  years,  I  wish  to 
state  a  few  facts  connected  with  my  experience  which  may  or  may 
not  be  held  to  be  pertinent  to  the  discussion,  but  which  I  will 
state  as  briefly  as  possible. 

The  Fortification  Branch  of  the  War  Office  have  mainly 
depended  for  the  protection  of  ordinary  magazines  on  (1)  con- 
tinuous conductors,  without  joints  as  far  as  possible ;  when  joints 
are  necessary  they  are  of  very  low  resistance  to  low  voltaic 
currents ;  (2)  very*  low  resistance  earth  ;  (3)  sufficiency  of  points  • 
(4)  and  other  minor  details  which  are  in  accordance  almost  entirely 
with  the  recommendations  of  the  Lightning-rod  Conference. 

AMiatever  might  have  been  supposed,  from  Professor  Lodge's 
earlier  lectures,  to  be*  his  views  on  (1)  and  (2),  he  has  stated  in 
the  lecture  now  under  discussion  that  he  considers  the  measures 
in  question  to  be  valuable,  and  he  has  even  gone  so  far  as  to  admit 
that  an  ordinary  galvanometer  may  be  usefully  employed  in 
testing  the  work.  It  will  be  satisfactory  to  some  of  us  to  know 
that  we  are  supported  by  the  weight  of  his  opinion  on  these 
points.  It  may  be  interesting  to  the  meeting,  in  connection 
with  the  facts  I  am  about  to  lay  before  them,  if  I  state  that  I 
think  the  War  Department  are  probably  the  only  body  in  this 
country,  and  pos.sibly  the  only  people  in  the  world,  who  really  do 
employ  the  method  of  testing  the  efficiency  of  their  lightning 
conductors  by  voltaic  currents  and  galvanometers  periodically. 

Without  wishing  for  a  moment  to  argue  that  absolute 
protection  is  guaranteed  under  the  foregoing  conditions  by  the 
precautions  we  adopt,  I  have  to  state  that  whether  safety  has 
been  attained  by  low-resistance  earth,  jointless  conductors,  or  by 

"  Digitized  by  VjOO^^it: 
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Lieut.-coi.  other  precautions  taken,  or  merely  by  luck,  to  the  best  of  my 
belief,  in  no  case  where  the  above  principles  have  been  carried  out 
has  a  conductor  failed.  On  the  other  hand,  I  know  of  cases  where 
conductors,  defective  when  judged  by  the  foregoing  standard,  have 
failed. 

At  Slough  Fort,  on  the  Thames,  about  eight  years  ago  a  small 
tower,  to  which  a  conductor  was  attached,  was  struck  and  cracked 
by  lightning.  How  the  portion  of  the  discharge  which  struck  the 
tower  got  to  earth  was  not  clear.  The  conductor  was  not  injured. 
Its  earth  resistance  was  about  200  ohms,  otherwise  it  was  in 
accord  with  the  rules  of  the  Lightning-rod  Conference. 

Again,  about  five  years  ago  the  contents  of  a  small  civil 
magazine  or  shifting-room  in  the  Lake  District  were  exploded  by 
lightning.  The  earth  of  the  conductor  had  been  dug  up  before 
I  had  the  opportunity  of  having  it  tested.  The  resistance  of  a 
similar  earth  on  an  adjacent  magazine  was,  however,  found  to  be 
between  100  and  200  ohms,  and  the  point  of  the  conductor  of  the 
magazine  where  the  accident  occurred  did  not  test  good  continuity 
with  low  volts. 

At  the  Chichester  Cathedral  the  earth  resistance  was  over 
100  ohms,  and  part  of  the  lightning  left  it  for  another  earth  of 
between  100  and  200  ohms  in  connection  with  a  large  metaUic 
surface.  In  another  case  which  I  examined,  where  lightning  went 
down  the  chimney  of  a  dwelling-house,  the  earth  resistance  of  an 
adjacent  conductor  was  over  100  ohms. 

No  doubt  many  members  of  the  Institution  will  be  acquainted 
with  cases  where  lightning  conductors  have  been  burnt  up  by 
lightning  at  riveted  joints.  Such  a  case  occurred  to  a  conductor 
on  the  citadel  at  Malta,  about  seven  years  ago,  but  the  lightning 
did  no  other  damage  in  this  case. 

Another  instance  of  this  sort  occurred  more  recently,  also 
abroad,  the  conductor  being  fused  below  the  point  at  which  part 
of  the  current  left  it  through  a  staple  in  the  wall. 

The  portion  of  the  current  which  left  the  conductor  in  this 
case  ignited  some  small-arm  cartridges,  and  these  cartridges  were 
in  vietal  caseSy  so  that  apparently  the  current,  or  electrical  action, 
was  not  entirely  on  the  ^*  differential  outer  skin."  o  " 
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I  would  farther  observe  that,  in  the  cases  given  by  Professor  ^^i;|^ 
Lodge,  no  instance  occurs  of  failure  of  good  earth.  The  Gardner 
Church  Conductor,  which  he  quotes  as  damaged  in  1887,  was 
fractured  in  15  places.  This  does  not,  therefore,  appear  to  be  a 
case  of  failure  of  earth,  but  of  ineflSciency  of  conductor,  probably 
owing  to  defective  joints,  which  would  have  been  revealed  by 
testing.  The  statement,  moreover,  that  the  earth  was  faultless,  is 
vague. 

I  would  wish  to  submit,  with  all  deference,  that  although 
Professor  Lodge's  experiments  are  magnificent,  they  are  not 
lightning ;  and  that  we  must  be  very  cautious  in  drawing  definite 
conclusions  concerning  lightning  discharges  from  laboratory  ex- 
periments or  mathematical  calculations  until  further  accurate 
experiments  have  been  made  with  the  real  thing.  It  would  be  a 
big  jump  to  attempt  to  say,  with  any  confidence,  that  lightning 
coming  from  a  cloud,  square  miles  in  area,  through  hundreds  of 
feet  of  air,  with  energy  capable  of  destroying  substantial  struc- 
tures, will  follow,  even  approximately,  the  laws  governing  dis- 
charges between  glass  jars  connected  to  a  few  feet  of  tin,  and 
points  or  flames  a  few  inches  off,  the  dimensions  of  the  flames 
being  considerable  in  comparison  with  their  distance  from  the 
sheet  tin. 

In  olden  times  the  experiments  were  made  with  reed  light- 
ning. No  doubt  some  of  the  experimenters  were  expended ;  but 
•there  are  plenty  of  electricians  who  could  deal  with  lightning 
and  take  care  of  themselves  at  the  same  time. 

Mr.  A.  J.  S.Adams:  The  present  occasion  is  opportune  for^r.  AdMM. 
submitting  some  features  relative  to  an  apparent  effect  of  stress 
in  conductors.  We  know  that  a  current  in  passing  along  a 
conductor  has  to  contend  with  the  resistance  proper  to  the 
metals  and  to  its  self-induction  ;*but  it  would  seem  that  such  a 
current  has  also  a  property  of  self-relief  by  a  radiation  of  energy. 
The  idea  of  self-relief  is  roughly  drawn  from  the  fact  that 
increased  energy  in  the  conductor  results  in  increased  radiation. 
Observe  the  simple  proposition  that  a  conductor  A  under  momen- 
tary stress,  such  as  that  produced  by  an  induction  coil,  exerts  an 
influence  upon  an  apdjacent  conductor  B.    Now  replace  B,  by  a 
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Mr.  Adams.  micTophone,  and  we  obtain  from  it  a  similar  indication  of  A's 
effect,  together  with  the  suggestion  that  in  this  case,  at  least, 
a  portion  of  the  energy  radiated  by  A  presents  the  form  of 
mechanical  force. 

We  remove  the  microphonic  circuit  and  replace  it  with  a 
single  telephone  held  to  the  ear ;  the  same  feature  of  intercepted 
energy  is  apparent,  and  the  fact  that  the  telephone  coil  is  open, 
again  indicates  that  the  energy  intercepted  is  one  of  mechanical 
motion.  These  instrumental  aids  are  not  necessary,  however, 
for  the  radiated  energy  may  be  made  perceptible  to  the  unaided 
ear. 

It  will  be  understood  that  the  lines  of  force  from  a  circular 
conductor,  such  as  A,  ever  widen  out,  and,  for  a  given  space,  lose 
in  effect ;  but  that  by  using  a  conductor  having  a  flat  surface 
the  force  lines  will  be  rendered  parallel,  with  corresponding 
accentuation  of  effect.  I  attach  a  piece  of  flat  metal  to  one  end 
of  the  secondary  wire  of  this  induction  coil,  and  the  flat  surface, 
acting  as  a  kind  of  electric  lens,  focusses  the  force  into  parallel 
lines,  and  the  tone  of  the  coil-vibrator  becomes  audibly  reproduced 
upon  its  surface.  You  will  also  observe  that  by  placing  this  piece 
of  mica  upon  th<3  metal  plate,  and  then  laying  the  ear  close  to  the 
mica,  the  sound  becomes  full  and  crisp.  [Handing  the  metal  disc 
to  the  President.] 

The  President  :  I  can  hear  it  very  well  with  this  mica. 

Mr.  A.  J.  S.  Adams  :  Yes,  I  prefer  mica  between  the  ear  and 
the  metal  to  prevent  chance  of  sparking.     We  may  arrange  a 
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lens  of  still  greater  power  by  having  two  surfaces,  as  shown  in 
Fig.  1,  where  the  plates  A  and  B  are  shown  in  section.     I  have 
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here  two  such  plates,  between  which  I  insert  from  one  to  half-a-  m^.  Adain«. 
dozen  pieces  of  J-inch  plate  glass.  The  result  is  that,  whilst 
the  sound  reproduced  ui)on  the  inner  surfaces  of  A  and  B  is 
clear  and  audible  to  all  around  me  when  only  one  slip  of  glass 
is  used,  the  effect  decreases  as  the  remainder  of  the  glass  slips  are 
inserted,  widening,  as  they  do,  the  distance  between  A  and  B. 

This  mechanical  eflFect  of  sound  was  brought  under  the  notice 
of  this  Society,  and  an  explanation  offered,  by  myself  in  a  short 
paper  read  in  December,  1877. 

I  regret  that  time  does  not  now  permit  me  to  enter  more 
fully  into  the  subject  generally,  in  order  that  I  might  demon- 
strate how  that,  if  two  or  more  pieces  of  plate  glass  be  inserted 
between  the  metal  surfaces  A  and  B,  Fig.  2  (where,  although  the 
spaces  are  shown  large,  they  should  in  practice  be  mere  films  by 
the  pressure  of  all  the  surfaces  one  upon  the  other),  whilst 
sound  waves  are  radiated  from  the  surfaces  of  A  and  B ;  lif/hty 
similar  to  that  produced  in  ordinary  vacuua,  is  emitted  between 
the  glass  plates  S  S. 
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Fig.  2. 

And  also  how  that,  by  unequally  magnetising  the  atmosphere 
upon  the  one  side  of  a  looped  or  loosely-hung  conductor  as 
against  the  other  side,  the  conductor  itself  may  be  caused  to 
bodily  vibrate  with  each  ptdsation  of  force.  What  I  do  wish 
now  to  suggest  is  the  far-reaching  effect  of  the  invisible  radia- 
tion referred  to,  and  the  apparent  focussing  power  of  flat 
surfiEU^es — of  a  probably  highly  dangerous  character  in  the  case 
of  lightning.  ^  i 
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Mr.  Adamg.  of  the  incident  mentioned  in  Professor  Lodge's  paper  anent  the 
isolated  iron  bar  sparking  and  causing  combustion,  I  quote  the 
following  experiment.    In  it  the  lens  A  is  connected  to  one  e«d 

Prinvary 


Fig.  3. 


of  the  secondary  coil.  B  is  placed  facing  A,  but  is  isolated* 
Nevertheless,  the  energy  radiated  from  A  upon  B  will  spark  off 
from  B  to  the  wire  W,  or  to  the  earth — a  result  possessing  serious 
significance  in  the  case  of  lightning. 


Fig.  4 


So  also  this  radiative  aspect  of  the  question  seems  to  ofier  an 
explanation  of  the  marine  incident  referred  to  at  our  last  meeting, 
as  at  Fig.  4.     Here  we  have  the  metalled  topmast  insulated  from 
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the  lower  parts  by  a  coat  of  paint,  at  Y.  The  topmast  is  struck,  Mr.  Adams. 
and,  daring  the  fierce  radiation  from  surface  to  surface  at  Y,  the 
flash  itself  will  have  traversed  the  shrouds  to  the  vessel's  side, 
where  one  part  will  have  gone  overboard  and  another  will  have 
fallen  back  upon  the  comparatively  free  metal  Z,  at  which  point 
a  great  concussion  of  the  radiated  and  the  conducted  forces  would 
seem  to  have  occurred. 

It  is  not  improbable  that  this  radiation  of  energy  will  be 
strongly  and  dangerously  developed  in  the  flash  itself  during  its 
passage  through  the  air,  and  afterwards  in  the  conductor  under 
stress,  and  this  feature  may  perhaps  go  far  to  explain  many  of 
the  effects  at  present  mainly  accounted  for  by  side-flashes  and 
surgings. 

Another  point,  as  giving  emphasis  to  the  possible  effects  of 
fierce  electrical  radiation,  suggests  itself  in  connection  with  so- 
called  "  lightning  photography."  Here  is  an  instance.  "  A  sea- 
man was  sitting  at  the  foot  of  a  mast  to  which  had  been  nailed 
a  horse-shoe.  The  man  was  killed  by  a  flash  which  struck  the 
mast,  and  upon  his  body  was  found  a  mark,  apparently  produced 
by  the  flash,  corresponding  with  the  horse-shoe. 

The  President  :  Was  it  knocked  off  the  mast  ? 

Mr.  A.  J.  S.  Adams:  I  understand  not.  The  incident  is 
mentioned  in  one  of  the  Journals  of  this  Institution,  and  I  refer 
to  it  because  it  seems  to  emphasise  this  idea  of  radiated  energy, 
and  because  the  facts  I  have  demonstrated  in  respect  of  radiation 
and  focussing  would  appear  to  render  such  an  occurrence  at  least 
a  possibility  ;  and  as  to  the  general  question  of  lightning  marks, 
which  have  borne  resemblance  to  some  adjacent  body,  I  venture 
to  think  that  the  recorded  instances  are  too  numerous  and  circum- 
stantial for  the  subject  to  be  easily  brushed  aside  as  an  assured 
absurdity.* 

I  have  already  referred  to  the  phenomenon  of  light  emission 
in  the  air  film  lying  between  the  glass  slides  at  Fig.  2,  a  feature 
I  have  not  seen  noticed  elsewhere,  although  it  is  one  not  a  little 
remarkable  from  the  fact  that  the  periphery  of  the  air  film  is 
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Mr.  AdAiM.  open  to  the  siuTounding  atmosphere.  Now,  what  we  can  do 
artificially  is  surely  within  the  capacity  of  Nature,  and  hence  it 
seems  to  me  that  we  have  in  this  phenomenon  the  approach  to 
•  an  explanation  of  globular  lightning,  in  that  whilst  the  clouds 
and  earth  may  constitute  the  inciting  discs,  and  the  atmosphere 
the  insulating  plates,  a  patch  of  comparatively  rarified  air  may 
become  the  nucleus  of  such  an  electric  cloud  or  globe. 

In  respect  to  this  feature  of  mdiation,  there  is  a  marked 
difiference  in  the  radiative  capacity  of  some  metals,  as,  for  example, 
in  the  case  of  samples  of  No.  1 1  hand  copper,  hand  brass,  and 
hand-drawn  iron.  I  find  that,  size  /<w  size  and  stress  for  stress, 
iron  shows  25  per  cent,  greater  i-adiative  capacity  than  copper, 
and  brass  slightly  more  than  iron.  So  that,  supposing  the  idea 
of  self-relief  to  possess  any  value,  copper  would  appear  to  be,  size 
for  size,  the  most  suitable  of  the  three  for  lightning  conduction. 

Jf>-  ,  ,^.  Mr.  C.  E.  Spagnoletti  :  I  might  mention  a  case  or  two 
bearing  on  this  subject.  Having  to  maintain  very  many 
thousands  of  miles  of  telegraph  wires,  I  have  a  good  opportunity 
of  learning  the  effects  of  lightning  upon  them.  The  wires  are 
struck  very  frequently,  but  are  seldom  fused.  The  instmments 
attached  to  them,  on  the  other  hand,  suflFer  to  some  extent 
An  instance  occurred  in  North  Wales,  where  the  wire  attached  to 
a  bell  was  struck  and  the  coil  of  the  bell  was  split  like  a  cross,  in 
four,  and  the  whole  of  the  wooden  case  was  lined  like  a  wire 
brush,  by  the  small  pieces  of  wire,  showing  that,  although  the 
flash  must  have  been  a  very  strong  one,  the  line-wire  was  not  at 
all  affected,  which  was  a  galvanised  wire  of  No.  8  or  1 1  gauge. 
These  line-wires  are  capable  of  taking  large  currents.  Another 
case  occurred  at  Shrewsbury,  where  a  man  was  up  among  the 
wires  on  a  pole  one  afternoon  and  was  struck  by  lightning 
severely.  The  lightning  struck  him,  and  apparently  entered  his 
body  underneath  one  arm  and  passed  out  of  his  leg.  I  inquired 
why  a  man  of  his  experience  should  have  been  up  among  the 
wires  during  a  thunderstonn,  and  the  reply  was  that  there  wm 
no  storm  at  Shrewsbury,  it  being  a  mild  and  calm  evening,  bnt 
I  learned  that  there  was  a  heavy  thunderstorm  at  Hereford  at 
the  time,  and  that  the  current,  which  was  ultimately  the  cause 
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the  man's  death,  was  carried  from  Hereford  to  Shrewsbury,  ^ir. 
a  distance  of  50  miles,  by  the  line-wire — ^No.  8  galvanised 
iron.  On  another  occasion,  at  Reading,  a  No.  4  gauge  galvanised 
iron  wire  was  fused  (and  that  is  the  only  case  where  I  have 
known  of  a  No.  4  wire  having  been  fused),  and  the  No.  16  copper 
wires,  covered  gutta  percha,  attached  to  it  were  melted,  and  the 
gutta  percha  ran  over  the  ends  and  sealed  them. 

I  should  like  to  ask  whether  a  flash  of  lightning  has  been 
proved  to  be  oscillatory.  From  what  Professor  Hughes  stated 
to-night  it  does  not  appear  to  be  so.  Mr.  Preece  gave  several 
examples,  one  showing  that  the  action  of  a  flash  upon  a  polarised 
relay  was  a  continuous  line  on  the  printing  instrument,  therefore 
it  does  not  look  as  if  it  were  oscillatory.  I  have  several  times 
tried  with  hand  magneto  machines  to  test  the  currents  they  give 
with  a  galvanometer,  but  could  get  scarcely  any  motion  of  the 
needle ;  and  the  faster  I  turned  the  less  was  the  motion.  There- 
fore, I  think,  if  lightning  is  oscillatory  the  polarised  relay  would 
have  either  caused  a  dotted  line,  or,  if  the  vibrations  were  so 
lupid  as  to  prevent  the  tongue  not  touching  the  contact  pins,  no 
mark  would  have  been  made. 

The  President  :  The  time  is  rather  advanced,  but  I  am  sure  sir  wuuant 

Thomson. 

we  would  all  sit  till  midnight  rather  than  lose  some  of  the  state- 
ments of  £ELct  that  we  have  just  heard ;  and  I  would  invite  any 
gentleman  present  who  can  contribute  some  facts  that  would  help 
to  throw  light  on  this  subject  to  do  so. 

Mr.  Sydney  Evershed  :  I  came  here  this  evening  intending  Mr. 
to  make  some  rather  deprecatory  remarks  on  the  futile  nature  of 
the  discussion  at  the  last  meeting,  but  Mr.  Wimshurst's  experi- 
ments have  put  those  remarks  aside,  because  I  feel  certain  we 
must  have  all  learned  a  good  deal  from  the  beautiful  experiments 
showing  that  side  sparks  from  a  conductor  will  not  charge  a 
Leyden  jar. 

The  first  thing  that  I  noted  for  remark  was  a  most  important 
question  which  has  been  left  entirely  untouched  by  every  speaker, 
namely,  do  B  sparks,  which  occur  in  laboratory  experiments,  occur 
in  nature?  and  is  there  any  evidence  of  such  sparks  striking 
lightning  conductors?  "  o  " 
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Mr.  Preece  occupied  some  time  at  the  last  meeting  in  trying 
to  prove  that  there  are  no  such  cases,  but  I  do  not  think  he 
brought  any  very  good  argument  to  bear  on  the  point.  During 
1877  I  carried  out  a  great  many  observations  on  atmo^heiic 
electricity  by  means  of  a  quadrant  electrometer,  using  a  gold-leaf 
electroscope  when  the  electrometer  proved  too  sensitive ;  and,  with 
your  permission,  I  will  occupy  the  few  remaining  minutes  in 
describing  what  seems  to  me  an  important  observation  that  bears 
on  this  question  of  B  sparks.  One  of  my  earliest  observations 
was  with  a  gold-leaf  electroscope  during  a  thunderstorm  taking 
place  some  miles  away  from  where  I  was.  I  was  on  the  side  of  a 
hill  (marked  B  in  the  sketch),  and  a  thunderstorm  was  taking 
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place  some  five  miles  away  at  the  other  end  of  a  long  cloud,  which 
was  apparently  continuous  between  my  point  of  observation  and 
the  thunderstorm  at  A.  About  six  feet  from  the  ground  I  held  a 
gold-leaf  electroscope,  and,  before  a  discharge  took  place  at  A,  the 
leaves  would  be  from  ^  to  j^  inch  divergent;  the  instant  a  spark 
took  place  the  leaves  would  jump  out  three  or  four  times  their 
former  divergence.  Now  there  you  have  a  case  of  sudden  increase 
of  potential  which,  if  great  enough,  will  cause  a  B  spark.  This 
was  a  very  striking  observation,  and  one  which  I  have  repeated 
since  in  similar  cases,  but  never  with  such  a  great  length  of  cloud* 
Afterwards,  when  I  got  my  quadrant  electrometer  to  work,  I  was 
often  troubled  by  thunderclouds  causing  the  light  spot  to 
disappear  very  suddenly  from  the  scale. 

A  great  point  made  by  Mr.  Preece  at  the  last  meeting  was  as 
to  the  oscillatory  character  of  lightning,  and  he  produced  a  record 
to  convince  us  that  lightning  in  telegraph  instruments  could  not 
be  oscillatory.     Professor  Lodge,  in  his  paper,  does  not  say  that  it 
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is  SO ;  he  describea  the  conditions  for  an  oscillatory  discharge,  but,  ^'-  .  . 
so  &r  as  one  can  see,  these  conditions  do  not  obtain  in  a  telegraph 
instrument,  and,  even  if  they  did,  we  should  get  these  records  on 
the  Bain  or  any  other  telegraph  instrument,  because  it  would  not 
be  an  oscillation  of  equal. currents  in  opposite  directions,  but  one 
in  which  each  impulse  is  less  than  the  last — ^in  other  words,  a 
gradual  dying  away.  This  being  so,  the  experiments  described 
by  Mr,  Preece  have  no  bearing  on  the  question  at  issue. 

Mr.  Wimshurst's  experiments  this  evening  with  the  ball  and 
point,  or  small  ball  and  large  ball,  remind  me  of  an  interesting 
result  obtained  by  H.  Yeates,  in  1876.  He  had  a  large  induction 
coil  connected  with  two  small  Leyden  jars,  each  jar  having  a  pair 
of  terminals,  a  point  and  a  ball,  the  ball  of  one  jar  being  opposite 
the  point  of  the  other.  The  path  chosen  by  the  discharges  from 
the  jars  then  depended  on  the  direction  of  the  primary  current, 
and  the  moment  tliis  was  reversed  the  sparks  would  change  from 
one  pair  of  terminals  to  the  other. 

That  is  a  more  striking  illustration  than  the  one  Mr.  Wims- 
hurst  showed  us,  because  points  are  used  instead  of  small  balls. 
Of  course,  it  does  not  bear  so  much  on  the  question  raised  by  Mr. 
Wimshurst,  where  the  difference  was  whether  the  cloud  was 
^positive  or  negative. 

Before  I  sit  down  I  should  like  to  thank  Dr.  Lodge,  on  behalf 
of  the  younger  members  of  this  Institution,  for  his  work  during 
the  last  two  or  three  years.  In  these  days,  when  we  are  inundated 
with  papers  and  books  in  which  a  modicum  of  feet  is  buried  under 
a  mountain  of  mathematics,  his  admirable  way  of  putting  idea^ 
into  our  heads  is  very  refreshing. 

Mr.  W.  H.  Preece  :  Before  you  close  this  discussion,  Sir,  Mr.  Pwece. 
perhaps  you  will  allow  me  to  submit,  for  the  inspection  of  the 
members,  three  or  four  examples  indicating  fusion  by  lightning. 
There  is  one  in  particular — ^it  happened  only  on  May  11th  last, 
near  I^eeds — ^which  gives  unmistakable  evidence  of  fusion  in  the 
interior  of  the  copper  wire.  The  outer  section  has  evidently 
been  cooler,  and  the  hot  metal  inside  has  burst  itself  through  | 

the  skin.  There  are  also  two  or  three  specimens  of  iron  wire 
and  gutta  percha^covered  copper  wire  that  give  much  the  same 
indication. 


I 

J 
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tfr.  Preece.  I  should  like  just  to  corTCct  Mr.  Evershed,  who  referred  to  my 
liking  for  ancient  history,  and  to  inform  him  that  the  clond 
experiments  which  he  made  only  twelve  years  ago  were  also 
made  by  Lord  Mahon  in  1789 — one  hundred  years  ago ! 

choiMioi^"  The  President  :  I  think  we  must  now  consider  the  discussion 
as  closed.  I  am  quite  sure  we  all  agree  that  Dr.  Lodge  has  done 
exceedingly  good  service  in  having  raised  the  question  in  the 
manner  in  which  he  has  raised  it,  and  in  having  brought  into  the 
discussion  of  the  theory  and  practice  of  lightning  conductors  some 
very  important  scientific  principles  that  had  not  been  fnlly  taken 
into  account  by  those  who  preceded  him  in  the  subject.  I  think 
we  ^11  admit  that  the  principle  of  self-induction  had  not  been 
suflSciently  taken  into  account  in  connection  with  the  theory  of 
lightning  conductors  and  practical  rules  for  safety  in  their  use. 
I  do  not  know  whether  Franklin  had  any  consciousness  whatever 
that  there  was  such  a  question  as  the  mutual  influence  of  currents 
in  neighbouring  conductors,  or  in  different  parts  of  one  conductor, 
in  respect  to  the  facility  afforded  for  carrying  away  the  electricity 
by  the  conductors.  It  is  quite  clear  that  Snow  Harris  had  some 
correct  views  on  the  subject :  we  must  not  accept  all  his  views  of 
electricity  as  correct ;  but  many  of  us  must  now  feel  that  in  some 
respects  in  which  we  thought  him  wrong— in  which,  forty  years 
ago,  I,  among  many  otheirs,  thought  him  wrong — he  was  qmte 
right.  There  is  one  thing  in  Dr.  Lodge's  summary  of  results 
(article  56)  that  I  confess  I  cannot  understand  at  all :  ^^  the  shape 
"  of  the  cross-section  is  not  of  much  importance."  This  seems  to 
be  altogether  at  variance  with  his  own  teaching  on  the  subject. 
Snow  Harris  thought  a  great  deal  of  surface  and  shape  of  cross^ 
section.  In  speaking  on  the  subject  at  the  British  Association  at 
Bath,  I  referr.ed  to  the  lightning  conductor  set  up  fifty  years  ago 
on  the  tower  of  the  old  Glasgow  University  buildings,  under  the 
reconmiendation  of  Snow  Harris.  It  was  a  large  tube  of  coppor, 
and  I  well  remember  being  taught  to  consider  that  that  had  been 
a  mistake,  and  that  the  same  quantity  of  copper  in  a  solid  rod  or 
a  wire  rope  would  have  been  cheaper  and  just  equally  effective. 
We  then  thought  Snow  Harris  wrong,  and  I  believe  that  Faraday 
himself  did  not  perceive  that  Snow  Harris^  jrMjight  Jn  that 
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iiiatter.  We  qow  know  that  he  was  right,  and  that  spreading  ^jJ^Sn"' 
the  copper  over  a  wide  area  is  even  better  than  rolling  it  up  the 
same  breadth  in  the  form  of  a  tube.  A  sheet  of  copper,  we  now 
know,  constitutes  a  conductive  path  for  the  discharge  from  a 
lightning  stroke  much  less  impeded  by  self«-induction  than  the 
same  quantity  of  copper  in  a  more  condensed  form,  whether 
tubular  or  solid. 

Now,  as  to  the  "  practical  questions  "  put  forth  by  Dr.  Lodge, 
I  think  there  are  some  valuable  suggestions.  No.  72  seems  to 
me  important :  "  The  cheapest  way  of  protecting  an  ordinary 
''  house  is  to  run  common  galvanised  iron  telegraph  wire  up  all 
*'  the  comers,  along  all  the  ridges  and  eaves,  and  over  all  the 
"  chimneys,  taking  them  down  to  the  earth  in  several  places, 
**and  at  each  place  burying  a  load  of  coke."  The  burying 
of  the  load  of  coke  is  the  heaviest  part  of  the  business,  but 
the  multiplying  the  mains  by  connecting  a  large  number  of 
comparatively  small  wires  instead  of  one  close  conductor  does 
seem  to  me  an  important  practical  suggestion.  On  the  other 
hand,  he  says  it  is  no  use  connecting  them  to  water  pipes. 
That  I  cannot  agree  with  at  all.  On  the  contrary,  I  would  take 
these  galvanised  iron  wires  described  by  Dr.  Lodge,  and  the  more 
of  them  the  better,  down  all  the  comers  and  wherever  you  can 
get  them,  and  connect  every  one  of  them  to  a  water  pipe.  I 
would  fax  rather  do  that  than  to  a  load  of  coke,  it  is  more  easily 
done ;  and  I  think  that  that  is  the  best  way  of  doing  it  for  the 
protection  of  an  ordinary  dwelling-house  having  water  supplied  to 
it  in  many-branched  xnetal  pipes.  An  ordinary  house  can,  I 
believe,  be  made  exceedingly  safe  by  the  water  pipes. 

^^  Connecting  a  lead  roof  or  other  such  expanse  with  a  light- 
'^  ning  conductor  is  not  an  unmixed  good,  for  it  virtually  increases 
"  the  dangerous  proximity  of  the  lightning  conductor."  Well,  I 
would  say  connect  all  pieces  of  metal  to  each  other,  and  to  the 
earth  if  you  can,  but  if  you  cannot  connect  each  of  them  to  an 
earth,  connect  them  to  the  lightning  conductor,  and  give  it  a  good 
earth.  I  think,  on  the  whole,  that  the  spark  coming  from  a  light- 
ning conductor  is  not  one  of  the  main  sources  of  danger,  although 
there  is  no 'doubt  that  Dr.  Lodge  is  perfectly  right  in  saying  that 
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^  wuuam  there  is  a  liability  that  it  may  light  gas  or  other  combustible  sub- 
stance. There  is  no  doubt  whatever  but  that  the  more  completely 
the  house  can  be  caged  in  the  better ;  and  for  powder  magazines  I 
believe  that  it  is  perfectly  true  what  Dr.  Lodge  says  (and  what  I  have 
said  myself),  that  the  way  to  make  a  powder  magazine  perfectly 
safe  is  to  completely  enclose  it  in  iron.  Make  a  complete  iron  house 
of  a  powder  magazine :  line  the  floors  with  wood  or  soft  material  to 
prevent  ignition  of  stray  powder  by  persons  walking  on  the  floor; 
but  let  a  powder  magazine  be  an  iron  building  with  an  iron  floor 
and  then  you  do  not  need  an  earth.  The  powder  should 
be  kept  well  in,  far  enough  from  iron  walls,  floor,  and  roof, 
that  no  etheric  spark  can  ignite  it.  Whether  on  a  granite  rock 
or  in  a  swamp  it  would  be  equally  safe :  the  need  for  the  earth  is 
absolutely  done  away  with  if  the  magazine  is  completely  enclosed 
by  metal.  In  that  case  I  suppose  iron  would  be  the  best  metal, 
although  it  would  be  rash  to  say,  seeing  how  very  difficult  is  the 
subject  of  the  impulsive  current  in  iron.  Kemembering  Professor 
Hughes'  experiments  and  illustrations,  and  the  mathematical 
theory  worked  out  so  magnificently  by  Heaviside,  we  are  not 
allowed  to  overlook  the  impedance  due  to  the  magnetisation  of  the 
iron  itself  under  the  influence  of  a  sudden  current.  I  may  be 
wrong  in  this,  but  my  impression  is  that  this  very  impedance 
would  help  to  make  the  interior  of  an  iron  shell  freer  from  electric 
disturbance  than  it  would  be  with  a  mass  of  equal  conductivity  of 
copper,  or  other  metal  having  equal  conductivity. 

The  subject  is  so  tremendously  interesting  that  I  do  hope  this 
is  only  the  beginning  of  it,  and  that  we  shall  have  a  great  deal 
more  of  it.  Colonel  Armstrong  spoke  of  the  ignition  of  ammuni- 
tion completely  encased  in  metal.  I  hope  he  will  experiment  in 
that  direction.     The  metal  was  not  soldered  all  round  I  presume. 

Lieut.-Col.  Armstrong  :  I  think  it  was.  The  ammunition  is 
made  damp  proof,  and  therefore  the  case  must  be  complete  all 
round. 

The  President  :  I  hope  that  Colonel  Armstrong  will  be  able 
to  take  up  the  matter  experimentally  as  a  scientific  question ;  to 
see,  for  instance,  if  thin  steel  instead  of  copper  would  make  any 
difference.     Besides  that,  I  think  that  on  a  larger  scale  something 
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shoald  be  done.    We  all  know  how  Faraday  made  himself  a-iifwuuam 

•'  Thomson. 

<XLge,  six  feet  in  diameter,  hung  it  up  in  mid-air  in  the 
theatre  of  the  Boyal  Institution,  wefit  into  it,  and,  as  he  said, 
lived  in  it  and  made  experiments.  It  was  a  cage  with  tinfoil 
hanging  all  round  it ;  it  was  not  a  complete  metallic  enclosing 
fihelL  Faraday  had  a  powerful  machine  working  in  the  neigh- 
bourhood, giving  all  varieties  of  gradual  working  up  and  discharges 
by  "  impulsive  rush ; "  and  whether  it  was  a  sudden  discharge  of 
ordinary  insulated  conductors,  or  of  Leyden  jars  in  the  neighbour- 
hood outside  the  cage,  or  electrification  and  discharge  of  the  cage 
itself,  he  saw  no  effects  on  his  most  delicate  gold  leaf  electroscopes 
in  the  interior.  His  attention  was  not  directed  to  look  for  Hertz 
sparks,  or  probably  he  might  have  found  them  in  the  interior. 
Edison  seems  to  have  noticed  something  of  the  kind  in  what  he 
called  the  etheric  force.  His  name  "  etheric  "  may,  thirteen  years 
ago,  have  seemed  to  many  people  absurd.  But  now  we  are  all 
beginning  to  call  these  inductive  phenomena  ''  etheric.'*     ^ 

I  cannot  sit  down  without  expressing  in  the  name  of  the 
Institution  our  most  cordial  thanks  to  Dr.  Lodge  for  having  taken 
all  the  trouble  he  took  to  bring  this  subject  before  us,  with  the 
beautiful  experiments  he  has  shown,  and  for  having  stimulated  so 
many  minds,  whether  to  defend  or  oppose  his  views.  I  am  sure 
you  must  all  feel  grateful  to  Mr.  Wimshurst  also  for  the  potent 
assistance  he  gave  to  Dr.  Lodge  to  prove  his  case,  and  for  the 
potent  application  of  his  splendid  apparatus  this  evening  to 
further  illustrate  and  to  criticise  some  parts  of  Dr.  Lodge's  case. 
The  discussion  has  been  sometimes  warm,  and  has  been  carried  on 
with  a  considerable  degree  of  humour ;  but  I  am  perfectly  sure 
that  we  all  feel  exceedingly  obliged,  not  only  to  Dr.  Lodge,  but  to 
all  who  have  spoken  on  the  subject,  whether  they  have  attacked 
Dr.  Lodge  wholly,  or  agreed  with  him  wholly  or  in  part.  He  has 
pointed  out  some  flaws  in  the  Lightning  Rod  Conference  Report 
but  I  do  think  that  this  book  continues  practically  to  hold  the 
field,!  by  its  practical  rules  and  recommendations  for  the  render- 
ing of  buildings  and  telegraphic  apparatus  safe  against  lightning. 
We  may  admit  the  validity  of  some,  or  perhaps  even  of  all  hif>Jp 
criticisms  of  the  orthodox  dogma.     We  must  admire  the  vigour 


520  LIGHTNING,  LIGHTNING  CONDUCTOBB,  Etc.     [MaylGUi, 

Sir  William  of  his  attack :  and  in  the  brilliancy  of  his  own  exposition  we  can- 
Thomson.  '  J  r 

not  but  see  much  that  is  instructive  and  suggestive. 

But,  after  all,  the  conclusions  adopted  by  the  Lightning  Bod 
Conference  do  afford  us  very  strong  reason  to  feel  that  there  is  a 
very  comfortable  degree  of  security,  if  not  of  absolute  safety,  given 
to  us  by  lightning  conductors  made  according  to  the  present  and 
ORTHODOX  rules  as  actually  laid  down  in  this  book.  I  am  quite 
sure  that  the  authors  of  this  book  will  be  exceedingly  glad  to 
modify  their  views  in  any  practical  way  whatever,  when  cause  is 
shown  and  proof  given  that  such  modification  will  improve  the 
practical  result. 
JJaJor^^  Major  P.  Cardew,  R.E.  [commvAiicated^  :  This  paper  and  the 

discussion  on  it  recalls  to  mind  the  old  fable  of  the  wars  of  the 
Gods  and  Titans.  There  has  been  plenty  of  lightning  playing 
about  too  to  help  the  analogy,  while  there  was  certainly  a  Jove- 
like serenity  and  dignity  of  utterance  about  my  friend  Mr.  Preece. 
I  do  not  think  it  necessary  to  declare  on  one  side  or  the  other, 
but  should  like  to  make  a  few  general  observations  after  the 
manner  of  the  Greek  choru^.  I  will  follow  the  numbering  of  the 
paper  itself. 

2. — This  can  only  happen,  if  at  all,  when  rain  is  falling  heavily 
from  the  intermediate  cloud.  A  good  deal  of  the  stored-up  energy 
must  be  released  in  the  primary  flash.  The  thoroughly  wet 
surface  of  any  object  struck  under  these  conditions  will  tend  at 
least  to  protect  it.  I  should  not  therefore  expect  these  secondary 
discharges  to  be  very  dangerous,  although  they  may  produce 
startling  effects.  Professor  Hughes  did  not  appear  to  have  quite 
grasped  the  meaning  of  the  "  impulsive  rush  "  discharge  in  his 
remarks. 

4. — The  essential  difference  between  atinplate  and  a  cloud  ha^ 
been  already  pointed  out.     I  will  come  to  this  again  later. 
5. — This  is  very  instructive. 

6. —  .  .  .  ("  The  sparking  distance  under  these  circumstances 
"  is  surprisingly  great  bj  reason  of  the  impetus  with  which  the 
"  electricity  rushes  into  the  top  plate.*')  ...  I  cannot  understand 
this,  unless  Dr.  Lodge  believes  that  electricity  is  material. 

S. — Here,  again,  the  conditions  of  the  experiment  are  widely 


1889.]  DISCUSSION.  521 

different  from  those  of  what  it  is  intended  to  represent.    The  ^^l^ 
flame  issues  absolutely  from  a  metallic  pipe  in  metallic  connection 
urith  a  metallic  representation  of  earth.     The  case  of  the  real 
chimney  is  much  more  nearly  that  of  9  with  an  imperfect  con- 
ductor (the  soot  deposit)  in  circuit,  which  is  consolatory. 

10,  &c. — All  these  experiments  were  very  beautiful,  and 
certainly  the  effects  produced  closely  resembled  those  often 
noticeable  in  the  centre  of  a  storm  at  sea,  with  heavy  rain, 
especially  the  side  and  multiple  flashes  and  the  violet-KJoloured 
discharges. 

16,  &c. — It  appears  to  me  that  Dn  Lodge  utterly  fiuls  to  prove 
the  oscillatory  character  of  a  lightning  flash.  The  weakest  point 
in  his  theory,  to  my  mind,  is  that  he  considers  the  path,  in 
air,  taken  by  the  discharge  to  have  all  the  properties  of  a 
metallic  conductor,  including  a  ^determinate  resistance  per  unit 
length* 

Now  I  do  not  think  that  much  real  knowledge  has  been 
attained  on  the  subject  of  the  process  known  as  a  disruptive  dis- 
charge, and  the  molecular  movements  and  changes  by  which  it  is 
propagated. 

Taking  the  dissipation  of  energy  in  heat,  which  is  visibly 
there.  Is  this  due  to  resistance  of  the  same  kind  as  in  a  metallic 
conductor  ?  Is  it  constant ;  or,  is  it  not  widely  different  the 
instant  before,  the  instant  of,  and  the  instant  after  the  flash? 
Is  there  not  also,  probably,  a  conversion  of  energy  chemically  or 
by  electrolysis  ? 

We  have  very  good  reason  for  thinking  that  the  counter  E.M.F. 
of  the  voltaic  arc  is  something  considerable  compared  with  the 
E.M.F.  producing  it.  We  have  also  very  good  reason  for  thinking 
that  powerfiil  chemical  effects  are  produced  in  the  atmosphere  by 
lightning. 

Then  as  regards  the  self-induction,  how  can  we  estimate  this  ? 
We  know  that,  when  constrained  in  a  metallic  wire,  the  discharge 
will  so  distribute  itself  as  to  reduce  this — ^will  try  to  minimise  P, 
the  impedance,  by  decrease  of  |>L,  even  at  the  cost  of  increase  of 
R.  How  much  more  freely  can  it  do  this  where  there  is  no 
constraint,  where  one  line  of  particles  is  practically  as  good  as 
another  over,  perhaps,  yards  of  section  ? 
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^^ly,y,  25^  &c. — Iron  versus  copper. — Now  Dr.  Lodge  is  very  dogmatic 

about  this.  His  meaning  is,  apparently,  that  iron  certainly  offers 
more  impedance  to  rapidly  varying  currents  than  copper,  this 
could  not,  I  take  it,  be  disputed ;  but  that  this  total  impedance  is 
made  up  differently — ^the  true  resistance  factor  being  of  more  im- 
portance in  the  case  of  iron.  The  reasoning  is.  hardly  conclusiye  I 
think,  but  the  conclusion  is  altogether  wrong  I  feel  sure.  The 
proper  function  of  a  lightning  conductor  is  not  to  exhaust  the 
superfluous  energy  of  a  discharge,  but  to  ensure  that  that  energy 
shall  be  all  expended  inocuously  in  the  air,  and  the  less  the  toUI 
impedance,  and  especially  the  resistance,  of  the  conductor  the 
better. 

At  the  same  time  I  think  that,  under  practical  conditions, 
ii-on  of  a  moderate  size — say  No.  2  gauge  wire — ^is  quite  good 
enough. 

28.  I  doubt  this  statement.  Of  course  it  would  be  true  if 
the  discharge  occupied  the  whole  cross  section,  but  it  does  not; 
it  makes  ^p  L*  +  R*  a  minimum  by  traversing  the  outer  annuli 
alone,  thus  increasing  S,  at  any  rate  until  it  is  comparable 
to  jj  L.  Obviously  by  this  selection  of  route  the  value  of  R 
for  a  rapid  discharge  may  be  indefinitely  great,  even  in  the  case 
of  a  thick  copper  rod.  I  do  not  understand  the  limitation  in 
brackets  [not  many  miles] ;  p  L  varies  rather  more  rapidly  than 
directly  as  the  length,  while  R  varies  directly  as  the  length. 

29.  This  is  mere  assertion.  I  do  not  believe  a  lightning 
current  ever  exceeds  a  few  hundred  amperes;  but  I  do  not 
assert  this. 

30.  We  all  know  there  are  millions  of  volts  ;  the  question  i?, 
liow  produced  ? 

33.  Lightning  Protectors. — Certainly  the  experiments  described 
by  Professor  Hughes,  and  those  indicated  by  Dr.  Lodge,  demon- 
strate clearly  that  there  are  conditions  of  discharge  under  which 
any  ordinary  protector  would  fail.  On  the  other  hand,  the  very 
extended  experience  of  our  own  Postal  Telegraphs  clearly  points 
to  the  practical  value  of  lightning  protectors.  The  most  Ic^cal 
conclusion  would  appear  to  be,  not  that  the  statistics  of  many 
years  are  misleading,  but  that  the  conditions  are  not  the  same. 
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Everyone  knows  that  protectors  are  not  perfect,  and  would  hail  Majgr 
any  real  improvement ;  but  the  improvement  must  be  proved  by 
experience,  and  not  by  reasoning  based  on  false  premises. 

39.  A. — ^The  impedance  offered  by  a  conductor  to  a  rapidly 
varying  current  is  no  doubt  greater  than  to  a  steady  current,  but 
this  does  not  prove  that  it  amounts  to  hundreds  or  thousands  of 
ohms  in  a  properly  constructed  conductor  conveying  a  lightning 
discharge,  or  that  it  is  more  than  a  mere  trifle  compared  with 
that  offered  in  the  air-path  of  the  flash,  where,  I  consider,  the 
energy  is  and  should  be  expended. 

As  regards  the  statements  quoted  from  the  Lightning-rod 
Conference.  The  first  statement  does  not,  I  think,  imply  that 
the  man  could  not  be  hurt,  but  that  he  might  not  be;  and  as 
nothing  is  premised  as  to  what  he  is  to  stand  on,  I  should  not 
say  it  was  untrue,  though  it  is  possibly  injudicious. 

I  am  not  prepared  to  defend  the  second  statement,  as  gun- 
powder is  an  imperfect  conductor ;  but  it  seems  to  me  that  some 
interesting  experiments  might  be  made  in  this  direction.  As  a 
rule,  the  discharge  of  a  Leyden  jar  will  not  ignite,  but  will 
scatter,  gunpowder ;  but  it  can  be  made  to  ignite  it. 

JB. — ^This  statement  is  worded  rather  loosely.  It  is  not  quite 
apparent  whether  it  is  the  jar  or  the  charge  on  the  jar  that  is 
likened  to  a  spring.  I  do  not  see  what  is  gained  by  the  com- 
parison. No  one  probably  would  deny  that  the  discharge  of  a 
licyden  jar  under  certain  conditions  is  vibratory,  but  many 
people  would  deny  that  the  vibrations  are  analogous  to  those 
of  a  spring. 

(7. — ^This  statement  begs  the  whole  question.  If  whenever 
the  spark  ceases  to  be  oscillatory  it  degenerates  of  necessity  into 
a  fizz  or  rapid  leak,  then  it  follows  that  every  proper  flash  is 
oscillatory.    But  I  dispute  the  premise. 

D. — ^This  also  I  deny.  We  don't  want  much  common  or  un- 
common resistance  in  a  lightning  conductor ;  and  we  don't  get  it 
in  a  properly  constructed  one. 

E» — I  admit  there  is  something  in  this ;  but  I  contend  that 
pieces  of  metal  near  the  conductor  are  much  better  connectedj 
to  it.  "^  ^ 
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i?a&  ^* — "^^  ^^^  statement  is  revolutionary,  and  seems  to  be 

applicable  to  space  of  four  dimensions.  The  explanatory  state- 
ment is  contradictory  to  former  statements  in  this  paper.  If 
true,  what  becomes  of  the  reasons  given  for  preferring  irou  to 
copper.  Certainly  there  are  reasons  for  dividing  up  the 
conductor.  There  are  also  practical  reasons,  and  I  think  more 
weighty  ones,  against  it. 

G.— I  leave  this  to  Mr.  Wimshurst.  Nothing  appears  to  be 
suggested  as  an  improvement  on  a  set  of  points. 

Hy  L — ^These  statements  are  simply  unsettling.  There  is 
certainly  some  truth  in  them.  There  is  also  truth  in  the  state- 
ment that  a  good  lightning  conductor  is  a  safeguard,  although 
perhaps  not  an  absolute  one. 

I  now  come  to  the  practical  outcome  of  all  this  as  given  by 
Dr.  Lodge ;  and  after  all  this  trumpeting  forth  of  a  new  creed — 
these  terrible  fulminations  against  the  prophets  of  the  old  super- 
stition— ^What  is  the  new  revelation  ?  It  is  apparently  contained 
in  a  number  of  statements  constituting,  it  is  to  be  presumed,  a 
guide  to  complete  protection.  Of  these,  the  majority  bear  a 
suspicious  resemblance  to  the  tenets  of  the  old  superstition,  so 
much  so  that  one  is  tempted  to  believe  that,  after  all,  our 
present  powder  magazines,  &c,,  may  escape  destruction  from 
the  coming  case  b ;  but  in  some,  what  Mr.  Preece  might  call,  the 
cloven  hoof  is  disclosed.  It  is  impossible  for  me  to  discuss 
them  all,  but  I  will  take  75  as  perhaps  the  most  dangerous. 
I  cannot  understand  how  Dr.  Lodge  can  reconcile  this  state- 
ment even  with  his  own  theories. 

Would  not  a  well-earthed  piece  of  metal  in  proximity  to  an 
elevated  portion  of  the  lightning  conductor,  but  not  attached  to 
it,  be  likely  to  give^  rise  to  a  spark  across,  establishing  a  derived 
circuit,  and  thus  perhaps  causing  the  fusion  of  the  conductor  at 
the  point  of  derivation,  and  great  danger  of  fire  ?  One  instance 
at  least  of  this  happening  is  within  my  knowledge.  The  con- 
ductor of  Chichester  Cathedral  passed  within  a  few  inches  of  a 
lead  flat  roof  without  being  connected  to  it.  The  roof  was  con- 
nected to  earth  by  the  downpipes.  The  conductor  was  struck 
and  the  flash  leapt  across  this  space,  the  result  being  that  50  or 
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60  feet  of  the  conductor  was  fused  from  this  point  up,  while  every  gJj' 
downpipe  was  broken  across  at  one  joint  or  another,  where  the 
discharge  encountered  local  resistance. 

Now  a  few  words  upon  Mr.  Preece's  observations.  I  do  not 
think  he  quite  takes  in  Dr.  Lodge's  meaning  in  talking  of  the 
oscillatory  character  of  lightning.  However  many  oscillations 
there  may  be  there  must  be  a  preponderance  of  transfer  in  the 
true  direction  in  order  to  discharge  the  quantity.  This  will 
account  for  the  fact  of  its  producing  chemical  traces  and 
magnetism. 

The  whole  energy  which  is  expended  must  be  ^  Q  V,  where  Q 
is  the  quantity  stored  up  and  V  the  potential  difference,  and 
however  it  oscillates  it  cannot  do  more  than  this  amount  of  work. 
Even  if  lightning  be  unidirectional,  there  must  be  one  great  wave 
of  current,  giving  fiill  play  to  the  impedance  caused  by  self- 
induction,  although  this  impedance  will  not  amount  to  anything 
like  what  Dr.  Lodge  considers  it  to  be,  since  the  rate  of  variation 
is  not  nearly  so  rapid. 

The  evidence  of  currents  in  telegraph  lines  originating  in  a 
lightning  discharge  is  not  valid  against  the  oscillatory  character 
of  lightning  itself.  They  traverse  long  lengths  of  thin  wire  with 
considerable  resistance,  self-induction,  and  mutual  induction  with 
other  wires,  and  I  should  say  would  in  any  case  be  unidirectional 
and  comparatively  long  drawn  out.  But  I  fully  sympathise  with 
Mr.  Preece  in  his  defence  of  the  older  electricians.  How  does  it 
befit  us,  to  whom  they  have  left  so  splendid  a  heritage,  to  render 
them  back  mocking  ?  Superstition !  Well,  if  you  come  to  that, 
what  are  all  our  beliefs  and  theories  but  superstitions  erected 
upon  old  observations  and  reasonings  ? 

What  do  we  know  of  the  agency  by  which  gravitation  acts- 
how  the  sun  holds  the  planets,  as  it  were,  in  the  hollow  of  his 
hand  ?  But  what  we  do  know  of  it  is  not  simply  a  brilliant  theory 
evolved  by  Newton  from  his  inner  consciousness  and  the  fall  of 
an  apple,  but  the  result  of  centuries  of  observation  and  observed 
accordance  of  events  with  calculated  prediction.  Thus  we  know 
its  laws  although  ignorant  of  its  real  nature.  But  in  the  case 
of  lightning,  we  know  very  little  indeed.    Who  can  tell  of  tjre- 
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?'iVr>v  generation  of  the  thundercloud,  or  the  meaning  of  the  nwh  of 
wind  to  it  ?  Why,  the  lower  animals  seem  to  have  more  insight 
into  it  than  we  have. 

Mr.  Preece  spoke  of  the  solemnity  of  the  operations  of  nature, 
and  was,  I  believe,  laughed  at  for  applying  this  epithet  to  light- 
ning. I  adopt  his  meaning  entirely.  What  can  be  more  solemn 
than  a  thunderstorm,  especially  at  sea.  "  They  that  go  down  to 
^'  the  sea  in  ships,  that  do  business  in  great  waters ;  these  see 
"  the  works  of  the  Lord,  and  His  wonders  in  the  deep."  And  is 
all  this  to  be  brought  down  to  a  tinplate  cloud  and  a  storm  in  a 
tea  cup  ?  By  all  means  let  us  experiment  and  reason  on  our  small 
experience,  but  let  us  avoid  dogmatising,  'at  any  rate  until  nature 
has  amply  justified  us. 

We  are,  I  trust,  all  grateful  to  Dr.  Lodge  for  stirring  up  the 
question,  and  for  his  able  exposition  of  his  original  views ;  and 
originality,  even  when  in  error,  helps  forward  the  attainment  of 
truth.  And  without  attempting  to  decide  whether  he  is  right 
or  wrong  in  his  conclusions,  let  me  recapitulate  the  directions 
in  which  I  think  his  experiments  might  be  brought  more  nearly 
in  accordance  with  nature  and  where  his  theory  appears  weak : — 

First. — ^The  cloud  should  certainly  not  be  metallic.  The  great 
difference  between  a  metallic  and  a  partial  conductor  is  well 
shown  in  Dr.  Lodge's  own  experiments.  We  cannot  make  a  real 
cloud ;  but  at  least  we  can  get  nearer  to  it  with  a  wet  sponge  or 
handkerchief,  or  some  such  device. 

Second. — Earth  should  always  be  real.  The  mere  completion 
of  the  circuit  in  the  way  we  attribute  to  earth  often  leads  to 
fallacious  results,  especially  with  high  tensions  and  small  quanti- 
ties.  It  is  easily  seen  that  the  addition  to  a  portion  of  a  circuit 
of  an  infinite  capacity  is  likely  to  modify  results^still  it  is 
often  overlooked.  One  side  of  the  generator  and  everything 
representing  a  conductor  or  protector  should  be  thoroughly  con* 
nected  to  good  earth. 

Third. — ^The  assumption  that  the  air-path  traversed  by  a  di»- 
ruptive  discharge  offers  the  same  kinds  of  impedance  as  a  solid 
conductor,  and  those  only,  cannot,  I  think,  be  justified. 

Fourth* — ^The  doctrine  that  a  lightning  oonduotor^>^bifect 
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nehich  offers  a  considerable  unpedan^e  to  lightning,  and  is  tlieol^^, 
receptacle  for  a  very  appreciable  portion  of  the  total  energy  of 
the  flash,  is,  I  think,  pernicious,  and  the  true  thing  to  aim  at  is 
a  conductor  offering  a  minimum  of  any  kind  of  impedance,  and 
especially  of  resistance  proper.  This  being  of  course  fulfilled  when 
the  impedance  of  the  conductor  is  negligible  compared  with  that 
of  the  air-path — a  condition  probably  obtained  with  a  conductor 
erected  and  earthed  in  accordance  with  the  recommendations  of 
the  Lightning  Rod  Conference. 

There  is  one  remark  of  Dr.  Lodge's  I  find  I  have  overlooked, 
and  that  is  84,  where  he  talks  of  an  earth  resistance  of  a 
thousandth  of  an  ohm  or  less.  Has  Dr.  Lodge  ever  tested  a  real 
lightning  conductor  ? 

I  fear  these  remarks  have  been  tedious,  and  I  am  fiilly  con- 
scious of  my  inability  to  throw  any  light  on  the  subject,  but,  as  it 
is  one  of  dee])  and  abiding  importance  and  interest  to  the  human 
race,  I  hope  the  intention  of  this  protest  against  hasty  conclusions 
may  stone  for  its  feebleness. 

Lieut. -Col.  J.  T.  Bucknill,  late  R.E.  [communicated]  :  This  j^*3^^ 
is  the  most  interesting  and  suggestive  paper  I  have  ever  read  on 
i)he  subject  of  lightning  and  lightning-rods. 

Section  5  is  very  important,  as  it  seems  to  indicate  that  ^'  the 
-violence  of  the  spark  is  lessened"  by  an  increase  of  ohmic  resist- 
ance in  the  conductor,  but  that  the  conductor  gathers  the  stroke 
as  effectively,  so  far  as  striking  or  sparking  distance  is  concerned, 
as  with  a  much  lower  ohmic  resistance. 

That  present  practice  gives  conductors  a  much  higher  con- 
-ductivity  than  is  absolutely  necessary  has  been  held  before.  Thus, 
Mr.  B.  S.  Brough,  in  a  conmiunication  to  the  Asiatic  Society  of 
Bengal,  February,  1877,  gave  scientific  reasons  in  harmony  with 
fthe  more  convincing  arguments  and  mathematics  now  published 
•by  Professor  I^odge;  and  I  myself  suggested  in  1881,  to  a  War 
Office  authority,  that  a  large  telegraph  wire  will  always  carry  off  a 
stroke  of  lightning  inocuously. 

The  cloud  to  cloud,  or  condensers  in  series  action,  has  been 
^ably  examined  by  the  lecturer,  but  the  possibility  of  subterraneous 
•condensers  in  series  acting  similarly  is  not  suggested,  and  this 
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u^t^oi.  appears  to  me  to  be  a  more  probable  explanation  of  the  phenomena 
noted  in  the  Tanfield  Moor  Colliery  than  the  one  given  on  p.  237 
Lightning  Rod  Conference,  and  adopted  by  the  lecturer  (see 
section  46). 

The  coal  strata  separated  by  strata  of  very  low  conducting 
power  and  connected  by  the  galleries,  shafts,  and  winding-gear, 
and  tramways  of  the  mine,  would  spark  from  one  to  the  other 
through  these  imperfect  connections. 

And  this  leads  to  a  very  important  matter,  which  I  think  has 
not  received  sufficient  attention  from  Dr.  Lodge,  viz.,  the  position 
of  the  main  induced  terrestrial  charge.  Where  water  and  gas 
pipes  exist,  I  believe  that  they  become  highly  charged  by  induc- 
tion before  the  flash,  and  that  the  flash  follows  the  route  of 
minimum  impedance  that  exists  between  the  charged  cloud  and 
the  earth  system  of  conductors  which  is  inductively  charged.  It 
is  therefore  useless  to  provide  ^^  a  good  earth  independent  of  the 
^^  water  and  gas  pipes,"  as  proposed  in  section  59 ;  on  the  contrary, 
it  would  evidently  be  preferable  to  connect  the  highest  portions 
of  the  water  and  gas  supply  pipes  to  the  conductors,  and  thus  get 
to  the  induced  charge  by  the  shortest  route. 

I  am  convinced  that  this  word  shortest  is  one  that  should 
never  be  lost  sight  of  in  lightning-rod  practice.  For  similar 
reasons  I  would  add  the  words,  Ind  where  they  cannot  be  avoided 
they  should  be  connected,  to  section  63,  as  disruptive  is  far  more 
dangerous  than  conductive  discharge ;  and  I  am  utterly  sceptical 
as  to  a  flash  melting  even  a  small  gas-pipe,  or  igniting  the  gas 
except  by  disruptive  discharge.  Hence,  large  cast-iron  gas-pipes 
with  oakum  packing  at  the  sockets  are  more  dangerous  conductors 
than  small  gas-pipes  with  threaded  connections. 

I  should  like  to  ask  the  Professor  how  he  would  deal  with 
the  great  mass  of  metal  now  frequently  stored  in  magazines — 
(a)  by  metal  powder  cases,  which  have  replaced  powder  barrels; 
(6)  by  live  shell  in  the  expense  magazines. 

Would  he  connect  them  ?    I  say  No. 

With  reference  to  section  65.  There  are  notable  exceptions — 
tall  rods  being  absolutely  necessary  over  powder  mills,  petroleum 

oil  wells,  etc.  Jigltlzed  by  V:; _ 
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Mr.  Leonard  Joseph  [communiccUed]:  Availing  myself  ofMr.jowph. 
the  President's  permission  to  send  in  writing  the  few  remarks 
which  time  did  not  permit  of  my  making  at  the  meeting,  I 
beg  to  observe,  firstly — ^as  regards  Dr.  Lodge's  analogy  of  the 
Leyden  jar— one  objection  against  his  theory,  not  already 
mentioned,  is  that  his  dielectric  avr  is  the  reservoir,  so  to 
speak,  of  electricity,  whereas  glass  is  not.  Next,  as  regards 
oscillations  :  Their  character,  as  was  shown  by  one  speaker, 
was  something  like  Fig.  1.  This  is  easily  to  be  accounted 
for.     Let  me  give  you  an  illustration.     Let  Fig.  2  (a)  represent 


Fig.  I. 


Fig.  2. 


several  pieces  of  linen  piled  on  top  of  each  other,  and  laying 
between  two  upright  boards.  Compress  the  boards,  and  the  linen 
sheets  will  take  up  a  wavy  form  similar  to  that  shown  in  6. 

Now,  instead  of  boards  for  our  lightning,  we  have  the 
pressure  of  discharge  on  the  one  side  and  the  earth's  resistance 
on  the  other.  The  restdt  is  a  number  of  waves  all  along  the 
course  taken.  The  reason  the  waves  get  smaller  as  they  near 
the  earth  is  that  the  earth's  attraction  draws  the  current  in 
a  straight  line.  Energy  of  discharge,  distance  from  cloud  to 
•earth  and  earth's  resistance  at  that  point,  being  known,  it  then 
becomes  comparatively  easy  for  a  mathematician  (which  I  am 
not)  to  calculate  the  size  of  these  waves  or  oscillations  at  any 
point. 

Now  for  the  practical  side  of  the  question.  Iron  v.  copper 
has  been  fought  out  by  abler  heads  than  mine,  so  I  shall 
content  myself  with  a  summary  of  what  seems  to  me  to  be 
the  advantages  of  the  latter.  (1)  Copper  is  a  better  conductor; 
J2)  iron  is  easily  aflTected  by  weather,  and  corrodes  even  when 
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Mr. Joseph,  galvanised;  (3)  magnetic  defects  in  iron;  (4)  it  is'trae  that 
the  conductivity  of  heat  in  copper  is  greater  than  in  iron,  bat 
continual  contraction  and  expansion  affect  iron — as  a  conductor 
of  electricity^  sooner  than  copper,  as  the  latter,  being  more 
elastic,  does  not  so  soon  lose  the  original  construction  of  its^ 
particles. 

As  to  shape,  I  propose  tubing,  not  rody  for  several  reasonis. 
(1)  Tubing  gives  the  metal  a  greater  cooling  surface;  (2)  a 
greater  conducting  surface;  (3)  a  lesser  chance  of  the  metal 
being  destroyed  by  expansion  and  contraction,  as  more  **  play- 
room "  is  given. 

Mr.  Symons  spoke  of  the  advantages  of  a  hot-air  current. 
As  an  amendment  to  this,  I  should  propose  putting  the 
conductor  along  that  side  of  the  house  which  is  the  wannest — 
i.e.j  near  fires,  etc. — and  for  this  reason  :  copper  when  heated 
is  negative,  and  vapour  is  positively  charged.  Unlike  electrics 
attract  each  other,  so  we  should  have  a  moist^r  air  surrounding 
the  conductor,  drawing  the  electricity  towards  it,  vapour  being 
the  better  conductor  in  the  air. 

It  was  proposed  to  me  the  other  day  (whether  rightly  or 
wrongly  I  submit  to  you)  that  all  metal  work  within  the 
building  should  be  joined  together,,  and  these  again  to  the 
conductor,  both  at  the  top  and  at  the  bottom,  the  latter 
connections  being  made  with  a  metal  of  high  resistance;  the 
entire  thus  forming  an  ante-induction  circuit.  The  high 
resistance  of  the  connections  is  that  the  current  should  give 
preference  to  the  conductor. 

Before  I  conclude,  I  should  like  to  ask  a  couple  of  qnestiong^ 
about  which  I  feel  doubtful.  Firstly :  Last  year,  at  the  fioyal 
Meteorological  Society,  I  saw  a  number  of  beautifully-taken 
photographs  of  lightning.  In  nearly  all  of  them  I  noticed 
two  parallel  flaahesy  one  seemingly  going  up,  the  other  down- 
wards. In  fact  it  looked  as  if  the  current  had  wanted  to  go 
to  one  part  of  the  earth  from  another,  but,  finding  the  resistance 
high,  had  taken  a  route  through  the  air,  via  clouds,  back  to 
earth.     I  should  like  to  know  if  this  ever  occurs.        C^i^r^n]r> 

Again,  something  might  have  been  said  about  fire-balls  or 
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ball  lightning — their  origin,  and  the  cause  of  their  explosion.  Mr.  joscijJi. 
A  probable  way  to  account  for  them  might  be  the  following: 
Fire-balls  are  seen,  as  a  rule,  only  during  severe  storms.  Now 
some  hurricanes,  like  cyclones,  are  but  vast  whirlwinds,  blowing 
round  an  axis  in  sinuous  spirals  towards  that  axis.  This  was 
first  elaborated  by  Mr.  Eedfield  and  Col.  Eeid,  and  verified  by 
Professor  Maury  of  the  Weather  Bureau  of  the  United  States. 
Now  then,  imagine  an  instantaneous  flash  of  lightning  descend- 
ing this  spiral  and  suddenly  encountering  the  earth's  resistance. 
The  whirling  would  for  a  second  or  so  continue  above  ground, 
thus  forming  the  fire-ball.  The  bursting  of  these  balls  might 
easily  be  caused  by  the  sudden  expansion  of  the  vapour  inside, 
on  the  pressure  from  without  (caused  by  the  whirling)  being 
diminished.  Another  view  as  to  the  cause  of  the  report  (not, 
however,  held  by  me)  is,  that  in  the  centre  is  a  vacuum  to 
which  the  outer  air  can  have  no  access  so  long  as  the  stronger 
spiral  current  of  air  is  blowing.  The  moment,  however,  that  the 
electric  current  passes  through  and  into  the  earth,  the  vacuum 
caused  by  the  flash — in  addition  to  the  other  already  made — ^is 
too  great,  and  the  air  rushes  in  from  all  sides,  making  the 
noise  heard. 

Dr.  Oliver  Lodge,  in  further  reply  [communicated] :  To  a  dt.  lodge. 
person  unaccustomed  to  controversy,  like  myself,  I  find  there  is 
an  absurd  tendency  to  accept  any  position  which  may  happen  to 
be  suggested  as  appropriate  to  me,  and  to  reply  to  objections 
raised  against  a  number  of  shady  views  as  if  they  were  my  own, 
when  they  are  really  not  mine  at  all ;  being,  indeed,  often  only 
supposed  to  be  mine  because  they  are  repudiated  by  my  critic. 

Another  tendency,  more  strenuously  to  be  guarded  against, 
is  a  stupid  feeling  of  semi-irritation  when  one  finds  that  state- 
ments carefully  recorded  as  the  result  of  much  thinking  and 
experimenting,  combined  with  some  acquaintance  with  the  fun- 
damental theory  of  the  masters  of  the  science,  are  called  dogmatic 
and  lightly  set  aside,  not  on  account  of  any  real  objection  or  valid 
argument,  but  solely  and  conspicuously  because  they  do  not 
happen  to  fit  in  with  the  speaker's  preconceived  opinions  av^ 
hastily  interpreted  experience. 
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Dr.  Lodge.         In  replying  to  the  criticisms  with  which  my  paper  has  been  thus 
far  honoured,  I  shall  endeavour  to  resist  both  these  tendencies ; 
and  especially  shall  I  try  to  pick  out  of  the  criticisms  those  points 
which  seem  to  me  wholesome  and  salutary,  and  which  I  can  more* 
or  less  completely  accept. 

First  of  all,  I  must  clear  away  some  misapprehensions  which 
have  arisen  in  connection  with  questions  of  history  and  priority* 
They  have  arisen  partly  through  misapprehension  of  what  I  said 
or  intended  to  say,  partly  on  account  of  a  distinct  oversight  on 
my  part  in  not  acknowledging  some  prior  work  of  Professor 
Hughes  and  M.  Guillemin  in  the  same  direction. 

To  take  the  last  first.  I  well  knew  that  experiments  in 
connection  with  lightning  protectors  had  been  made  by  M. 
Guillemin  and  Professor  Hughes,  because  after  my  Society  of 
Arts  lectures  Professor  Hughes  was  good  enough  to  write  me  an 
account  of  these  experiments,  and  to  consent  to  my  request  that 
his  letters  should  be  published  in  the  Electrician.  There  they 
are  for  all  to  see,  and  it  was  a  mere  oversight  that  I  did  not  refer 
to  them  in  the  corresponding  portion  of  my  paper.  I  suppose  it 
was  because  I  was  trying  to  explain  the  facts  quickly,  and  was 
not  thinking  about  history  or  priority.  I  can  assure  Profe&sor 
Hughes  that  nothing  was  further  from  my  intention  than  to 
claim,  or  by  silence  to  suggest  a  claim  to,  any  priority  in  con- 
nection with  such  experiments. 

These  experiments  showed  clearly,  in  1865,  that  no  simple 
shunt  arrangement  could  entirely  protect  a  telegraph  instrument 
from  a  Leyden  jar  discharge  ;  and  though  they  hesitated  to  press 
their  conclusion  to  the  case  of  lightning  in  all  its  completeness, 
yet  I  venture  to  think  their  experiments  demonstrated  this  also. 
Demonstrated — not,  of  course,  that  lightning  protectors  can  never 
protect,  nor  that  they  may  not  always  partially  protect,  but  that 
in  a  number  of  cases  they  may  partially,  yet  very  seriously,  fail. 

That  is  one  point  where  I  hope  I  have  now  set  myself  right ; 
the  other  is  due,  not  to  an  oversight  of  mine,  but  to  a  mis^pre- 
hension  by  my  critics  of  what  I  intended  to  say.  In  emphasising 
the  importance  of  the  "  impulsive  rush  "  case  of  lightning  dis- 
charge (the  only  one  very  liable  to  occur,  perhaps,  during  a  heavy 
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shower)  with  reference  to  the  absence  of  protective  virtue  from  i>r  Lodge. 
points,  and  the  ease  with  which  they,  as  well  as  everything  else, 
could  be  struck  by  a  noisy  and  destructive  flash,  I  said:  "The  steady 
**  strain  case  was  the  only  one  ever  contemplated  by  the  older 
^^  electricians ;  in  fact,  so  far  as  I  know,  it  was  my  experiments 
**  last  year  which  first  called  attention  to  the  other  case." 

These  words  I  used,  and  these  words  I  still  repeat.  But  the 
reason  I  used  them  was  not,  I  need  hardly  say,  to  claim  a 
miserable  figment  of  priority  in  so  trivial  a  matter,  but  to 
emphasise  the  fact — for  I  believe  it  to  be  a  fact — ^that  the 
impulsive  rush  case  of  lightning  discharge  had  not  previously 
been  attended  to,  and  that  hence  many  vitally  important  features 
had  been  overlooked. 

In  the  "  steady  strain  "  case,  points  fizz  off  quietly  and  are  not 
easily  struck  by  a  flash.  In  the  impulsive  rush  case  (pace  Mr. 
Wimshurst  for  the  present)  they  do  nothing  of  the  kind. 

The  important  thing,  therefore,  in  the  words  I  have  quoted 
is  not  the  words  "  my  experiments,"  but  the  words  "  experiments 
"  last  year.'*  It  is  not  to  claim  the  authorship,  but  to  emphasise 
the  recentuess,  of  the  observations  of  this  hasty  and  unprepared- 
for  discharge. 

It  may  be  that  the  calling  attention  to  the  possibility  of  this 
case  of  lightning  discharge  is  after  all  not  recent — I  only  said  it 
was  recent  "  so  far  as  1  know  " ;  but,  if  noticed  before,  it  has  not 
been  emphasised  or  even  mentioned  in  any  books  or  papers 
on  the  subject  that  I  have  seen.  Nor,  indeed,  do  any  of  my 
critics  really  assert  that  it  is  an  old  idea. 

Professor  Hughes  seems  to  think  that  I  mean,  by  "  the  im- 
"  pulsive  rush,**  a  Leyden  jar  discharge  in  general,  and  refers  me 
back  to  the  year  1752,  when  a  Prof.  Muschenbroeck,  or  his  pupil 
Cuneus  (vide  Ganot  or  Deschanel  passim),  appears  to  have  antici- 
pated me  by  something  over  a  century.  But  the  gentleman  who 
first  noticed  an  electric  spark — ^Dr.  Gilbert,  I  presume— must  be 
-credited  with  a  still  earlier  knowledge  of  an  "  impulsive  rush  **  in 
that  sense.     That,  however,  is  hardly  the  sense  I  intended. 

Mr.  Wimshurst,  in  his  remarks  at  the  first  evening  of  ttep 
discussion,  seemed  to  think  I  meant  to  claim  the  mode  of  obtain^ 
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Dr.  Lodge,  ing  impulsive  rushes  from  the  outside  coatings  of 'two  Leyto 
jars ;  and  pointed  out  that  his  machines  were  so  arr&nged  tiat 
the  outside  coats  of  jars  could  at  any  time  be  conveniently  tai^ 
nected  to  the  outer  circuit. 

Fortunately,  I  did  not  mean  or  imply  this  either;  thongby 
forgetfully,  I  might  accidentally  have  implied  something  of  tbe 
sort,  because  I  cannot  help  perceiving  how  much  more  neatly 
many  Leyden  jar  experiments,  recorded  in  books  or  shown  at 
lectures,  could  be  performed,  if  this  mode  of  connecting  to  the 
outside  circuit  were  more  generally  employed,  instead  of  using  a 
discharger  worked  by  hand  or  by  pulling  a  string.  The  adTsn- 
tage  of  having  all  the  variable  part  of  the  circuit  at  zero  potential 
up  to  the  very  instant  of  discharge,  is  so  marked,  and  I  have  used 
this  arrangement  so  frequently,  that  I  might  have  been  tempted 
to  forget  that  it  was  not  really  a  perfectly  well-known,  thoogh 
too  frequently  forgotten,  method.  I  am  sure,  however,  that  when 
attending  Professor  Carey  Foster's  classes,  long  ago,  I  saw  Leyden 
jars  thus  connected  up  to  magnetising  spirals  or  other  suA 
things ;  and  I  seem  to  remember  also  having  first  seen  it  with 
something  of  the  same  sort  of  puzzlement  as  to  the  way  it  acted, 
which  I  detect,  or  fancy  I  detect,  in  some  few  of  the  speaks 
especially  during  the  first  evening,  with  regard  to  case  6. 

Many  remarks  have  been  made— and  some  weighty  ones — on 
the  subject  of  the  probable  absence  of  conducting  power  in  clouds, 
and  the  consequent  difficulty  in  satisfying  the  conditions  of  U» 
B  flash  (i.e.,  the  impulsive  rush,  or  spark  between  bodies 
initially  at  the  same  potential).  I  admit  at  once  that  obtaining 
B  flashes  from  metal  sheets  proves  nothing  whatever  concerning 
the  possibility  of  obtaining  them  from  clouds.  But  my  argament 
is  rather  converse  to  this.  I  argue  (whether  rightly  or  wronglj) 
that  flashes  often  occur  from  clouds  under  circumstances  which, 
under  the  a,  or  steady  strain,  or  high  potential  condition,  scarcely 
seem  natural.  Thus  points  are  sometimes  struck  and  melted  hy 
flashes;  and  it  is  not  easy  for  them  to  be  struck  in  case  a> 
Moreover,  from  a  cloud  violently  raining  flashes  occur ;  whereas 
one   would    expect    rain    to    lower    the    potential    gradually. 
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Again,  from  a  cloud  resting  on  a  hill-top  flashes  occur;  and  sparks  ^f-  ^^s<^* 
from  a  badly  insulated  body  are  at  once  suggestive  of  impolaive 
rash  conditions — ^that  is,  sparks  from  a  body  of  zero  potential. 
Similarly,  I  understand  that  a  cloud  perforated  by  the  'EUSel 
Tower  has  carried  on  a  thunderstorm  to  people  below.  I  doubt 
if  any  of  these  things  could  easily  happen  under  the  conditions 
of  case  a. 

But,  it  will  be  said,  surely  some  of  the  facts  yon  adduce 
establish  the  bad  conducting  power  of  clouds.  To  a  great  extent 
the  EiflFel  Tower  case  (if  a  fact)  does.  The  hill-top  case  merely 
proves  that  the  hUl  was  a  poor  conductor.  I  can  easily  get  long 
sparks  from  metals  roughly  uninsulated,  as  by  wood,  water,  or  soil. 

Suppose,  however,  it  admitted  (not  as  proved,  but  as  probable) 
that  clouds  are  poor  conductors,  what  then?  All  that  we  can 
assert  is  that  the  whole  of  a  cloud,  or  even  a  large  portion  of  a 
cloud,  is  unlikely  to  discharge  at  once.  I  quite  think  that  that 
is  so.  A  calculation  of  energy  shows  that  a  violent  flash  need 
only  discharge  a  very  small  portion — a  few  square  metres — of  a 
charged  cloud,  and  that  the  same  cloud  may  therefore  go  on 
sparking  for  a  long  while,  as,  indeed,  it  appears  to  do.  Now  no 
great  conducting  power  is  needed  for  a  discharge  from  a  small 
area  at  a  great  elevation:  the  lateral  component  of  rush  is 
in  that  case  negligible. 

Of  course  it  Tnay  be  asserted  that  clouds  conduct  so  badly 
that  no  ^^  flash  "  in  the  proper  sense  can  ever  occur.  An  answer 
to  that  assertion  is  the  existence  of  lightning. 

All  that  poor  conductivity  in  clouds  has  to  say  oonoeming  the 
impulsive  rush  seems  to  me  this :  that  when  any  part  of  the  cloud 
receives  a  violent  disturbance  from  some  A  flash  in  its  neighbour- 
hood, that  same  part  which  receives  it  is  most  likely  to  spit  off 
the  consequent  B  flash.  Whereas,  with  a  perfect  conductor,  any 
other  portion  would  be  almost  equally  liable.  Poor  conductivity 
goes,  indeed,  to  help  the  violence  of  the  impulsive  rush  ;  for  the 
essence  of  it  is  that  a  conductor  of  small  capacity  at  zero  potential 
shall  be  suddenly  overloaded.  Now,  if  a  charge  suddenly  commu- 
nicated to  a  portion  of  a  large  cloud  could  instantaneously  be  j[^ 
shared  with  the  whole,  the  potential  would  be  reduced,  and 
nothini;  very  violent  need  occur. 
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Dr.  Lodge.  This  may  sound  like  special  pleading,  but  it  is  only  record- 

ing the  circumstances  that  have  to  be  attended  to.  What  the 
facts  are  must  be  determined  by  direct  observation  on  flashes  and 
clouds. 

But  let  me  here  beseech  meteorologists  to  remember  tbat 
establishing  the  condition  for  some  one  flash  or  class  of  flashes  does 
not  establish  the  impossibility  or  improbability  of  very  diflFerent 
conditions  obtaining  elsewhere  or  at  other  times.  There  are 
varieties  of  thunderstorms,  varieties  of  clouds,  and  varieties  of 
flashes.  Every  good  and  accurate  observation  will  be  a  help  to 
fuller  knowledge,  but  it  will  take  years  of  enlightened  experience 
and  observation  before  all  possible  varieties  and  circumstances 
of  discharge  can  be  supposed  exhausted. 

Before  leaving  this  subject  I  should  like  to  remind  the 
Institution  that  I  have  never  hesitated  to  contemplate  the 
imperfect  conductivity  of  clouds,  whatever  the  consequences  of 
that  imperfect  conductivity  might  be ;  and,  in  proof  of  this,  I 
enclose  an  extract  from  the  report  of  my  remarks  at  Bath,  as 
published  in  the  scientific  journals  at  the  time : — 

Extract  from  Briiisk  Association  Discussion, — "  There  was 
"  one  point  where  Mr.  Preece  might  have  attacked  him,  but  | 
"  where  he  did  not  think  Mr.  Preece  had  made  out  the  ftll  i 
"  strength  of  his  case,  namely,  the  question — What  are  the 
"  conditions  of  a  flash  ?  He  (Professor  Lodge)  had  assumed 
"  that  a  flash  behaves,  or  may  behave,  like  the  discharge  of 
**  condensers  in  a  laboratory ;  but  it  was  a  question  whether  a 
<*  cloud  discharge  was  of  this  kind.  A  cloud  is  not  a  good  con- 
"  ductor ;  it  consists  of  globules  of  water  separated  from  one 
"  another  by  inter-spaces  of  air ;  it  may  be  compared,  therefore,  to 
^'  a  kind  of  spangled  jar ;  when  a  spangled  jar  discharges  there  i$ 
**  no  guarantee  that  the  whole  of  it  discharges,  it  may  discharge 
"  out  in  a  slowish  manner ;  it  may  be  that  you  have  first  a  bit  of 
"  discharge,  theA  another  bit,  and  so  on,  so  that  you  may  have  a 
"  kind  of  dribbling  of  the  charge  out  of  it,  and  you  may  tho> 
"  fail  to  get  these  oscillatory  and  sudden  rushes.  At  the  same 
"  time  he  did  not  think  that  they  could  always  guarantee  doing 
^  "  this  with  cloud  discharges  ;  and  it  would  not  be  safe  in  arranging 
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"  protectors  to  protect  for  only  one  case,  and  that  the  easiest ;  ^'  i^odg^- 
"  they  must  provide  for  the  possibility  of  a  sudden  and  violent 
*'  discharge.     Still,  the  conditions  of  actual  lightning  were  to  be 
"  ascertained  by  observing  lightning,  and  not  by  experiments  in 
"  the  laboratory." 

Proceeding  now  to  the  remarks  of  the  first  speaker  at  the 
second  evening  of  the  discussion,  I  must  draw  a  clear  distinction 
between  Mr.  Wimshurst's  experiments  and  Mr.  Wimshurst's 
comments  thereupon. 

With  respect  to  the  experiments,  I  feel  obliged  to  him  for 
exhibiting  and  emphasising  several  points  which,  for  want  of  time 
or  otherwise,  I  had  rather  slurred  over ;  also  for  recalling  to  my 
memory  a  little  point  which  I  had  forgotten,  though  it  is  in  my 
assistant's  note  book;  and,  lastly,  for  detecting  an  interesting 
matter  which  had  escaped  me. 

To  take  these  successively.  1.  He  seems  to  have  exhibited  side 
flashes,  from  badly  earthed  conductors  and  to  well  earthed  bodies, 
more  satisfactorily  than  in  my  hurry  during  the  paper  I  managed 
to  do.  It  is  not  likely  that  he  exhibited  them  so  strongly  as  I  have 
obtained  them  in  the  laboratory,  because  the  violence  of  many  of 
these  side  flashes  is  a  thing  that  strikes  observers  with  astonish- 
ment ;  and  with  a  long  conductor,  as  stout  as  you  please,  it  makes 
very  little  difference  whether  its  far  end  is  "  to  earth  "  or  not. 
It  does  undoubtedly  make  some.  Professor  Threlfall,  and  Mr.  J. 
Brown  of  Belfast,  have  both  seen  these  effects  at  Liverpool,  and 
neither,  I  fancy,  would  contemplate  with  equanimity  the  idea  of 
bringing  their  knuckles  near  a  conductor  when  struck,  however 
well  earthed  it  was. 

At  the  same  time  it  is  perfectly  true,  and  I  must  have  often 
recorded  the  fact,  that  from  a  well  earthed  conductor  the  sparks 
will  not  charge  a  Leyden  jar.  They  jump  in  and  out  again. 
Sometimes,  indeed,  there  is  a  residue  of  charge,  but  it  is 
accidental  what  sign  it  is,  and  it  is  always  merely  the  tail  end  of 
a  series  of  oscillations  cut  off  by  resistance  at  some  arbitrary 
lK)int.  ^  . 

A  more  striking  experiment  is  to  connect  a  gold-l^Sfirfeledro-o 
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vr.  uoge.  scope  to  the  conductor.  If  the  connection  is  metaUioally  perfect 
the  gold  leaves  are  nearly  quiescent.  With  imperfect  connection 
they  may  diverge ;  they  always  slightly  kick.  The  experiment 
is  a  little  rough  on  the  electroscope,  for  it  strains  the  leaves 
downwards,  and  blows  fragments  off  sometimes ;  but  it  is  a 
striking  thing  to  be  able  to  take  a  half-inch  or  even  a  one-inch 
spark,  of  considerable  power  and  noise,  from  the  cap  of  an 
electroscope  whose  leaves  hang  stiffly  down  all  the  time  and 
barely  twinkle. 

These  side  flashes  are  not  very  painful,  they  look  worse  than  they 
feel :  the  charge  hops  in  and  out  of  you  without  going  throngii 
you  much  or  disturbing  the  nerves  seriously.  I  by  no  means 
assert  that  a  man  would  neceaaarily  be  killed  if  touching  a  con- 
ductor struck  by  lightning  ;  but  it  would  surely  be  a  position  of 
considerable  danger. 

2.  The  fact  which  Mr.  Wimshurst  has  observed,  but  which  I 
had  missed,  is  this :  that  when  side  flashes  are  tried  for  at  different 
points  in  the  length  of  a  wire  joining  the  outer  coats  of  two 
equally-insulated  symmetrical  jars,  they  are.obtained  more  stron^^y 
towards  either  end  of  the  wire,  and  are  not  obtainable  at  all  at 
the  middle.  The  middle  is,  in  fact,  a  node.  There  are  stationair 
waves  set  up  in  the  wire,  whose  ends  are  now  at  high  potential 
and  now  at  low  potential  alternately,  just  like  a  long  bath  which 
has  been  tipped  and  set  down  sharply.  To  and  fro  the  water 
splashes,  and  the  ends  are  now  at  high  and  now  at  low  level 
alternately,  but  the  middle  is  a  node  and  remains  of  average  level 
all  the  time :  it  is  at  zero  potential^  and  no  spark  is  obtainable 
from  it.  It  is  quite  an  interesting  fact,  and  one  that  it  wonU 
have  been  a  pity  to  miss.  I  am  sure  we  are  obliged  to  Mr. 
Wimshurst  for  discovering  it. 

3.  Lastly.  The  little  point  Mr.  Wimshurst  has  recalled  to  mj 
memory  is  this :  that  when  a  cloud  or  top-plate  is  negative,  a 
small  terminal  or  point  gets  struck  rather  more  easily — i.e.,  at  a 
lower  elevation — ^than  a  big  terminal  or  dome,  even  under  tb<* 
circumstance  of  the  impulsive  rush. 

The  fact  is  often  so ;  but  Mr.  Wimshurst's  account  of  it  may 
lead  persons  who  have  not  tried  the  experiment  to  over-estimate 
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the   magnitude  of   the    difference,  which  is  frequently  quite  i>r-  i^odge* 
inappreciable:  being,  indeed,  often  non-existent. 

If  the- impulsive  rush  is  violent — i.e.,  if  it  proceeds  from  a 
pair  of  large  jars,  highly  charged,  into  a  plate  of  moderatie  size — 
the  difference  is  non-existent.  Careful  measurement  fails  to 
show  that  the  things  equally  struck  are  not  all  the  same  height ; 
and  this  whether  the  "  cloud  "  be  negative  or  positive.  This  was 
the  case  I  exhibited  at  the  meeting,  and  there  was  no  need  to 
notice  of  what  sign  the  top-plate  was.  But  if  the  rush  be  made 
less  violent,  either  by  using  small  jars  or  by  charging  them 
feebly,  a  difference  is  observable.  A  point  then  gets  struck,  as 
Mr.  Wimshurst  showed,  at  a  distinctly  lower  elevation  than  a 
knob  does,  whenever  the  overhead  flash  is  negative — not  when  it 
is  positive.* 

Those  are  the  facts,  and  we  are  indebted  to  Mr.  Wimshurst 
for  calling  attention  to  them,  but,  as  to  what  the  moral  and  prac- 
tical bearing  of  them  is,  opinions  may  differ. 

Certainly  it  in  no  wise  upholds  the  statement  that  points 
always  discharge  silently  and  cannot  get  struck,  which  is  what 
has  always  been  meant  by  their  "  protective  virtue."  Bather  it 
would  seem  that  they  get  struck  in  an  impulsive  rush  always  as 
easily  as  anything  else,  and  sometimes,  as  Mr.  Wimshurst  shows, 
still  more  easily.  For  remember  that  the  "  striking  "  is  not  a  fizz 
or  leak  of  a  gentle  and  protective  kind,  but  is  a  violent  and 
destructive  flash. 

The  other  experiments  exhibited  by  Mr.  Wimshurst  are  less 
important.  One  has  to  do  with  the  experiment  of  the  alternative 
path,  or,  as  Mr.  Wimshurst  prefers  to  call  it,  a  "  bye-pass." 

I  did  not  make  any  reference  to  this  class  of  experiments  in 
the  paper,  because  I  consider  I  have  got  to  the  bottom  of  them 
and  thoroughly  xmderstand  their  conditions,  which  I  have  pub- 
lished; so  that,  except  in  a  very  serious  memoir,  they  are  not 
really  discussable. 

This  may  sound  a  desperately  arrogant  thing  to  say,  but  if  so,  I 

♦  For  measarementa  see  AppendU  IV.       digitized  by  UoOg Ic 
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Dr.  Lodge,  caunot  help  it.  One  would  make  no  progress  at  all  if  one  coold 
never  get  to  the  bottom  of  a  thing  and  feel  one's  ground  secure. 
And  I  am  so  profoundly  conscious  of  ignorance  with  respect  to 
a  vast  number  of  phenomena  that  I  have  no  care  to  waste  time 
by  pretending  ignorance  where  it  does  not  exist. 

May  I  therefore  save  time  by  saying  that  all  the  experiments 
of  Mr.  Wimshurst  on  this  particular  matter  are  completely  in 
accord  with  my  theory  ;*  and  also  that  the  remark  of  ProfesscH' 
Hughes  concerning  the  probable  delay  of  the  B  spark  behind  the 
A  spark  is  completely  borne  out  by  theory.  The  lag  is,  in  fect^s 
quarter  period  of  the  oscillation. 

Referring  to  another  remark,  I  may  also  say  that  at  Liverpool 
we  have  recently  obtained  excellent  photographs  of  a  slowly 
oscillating  spark  on  a  rotating  sensitive  disc,  and  that  the  con- 
stituent oscillations  are  not  only  conspicuous,  but  well  spread 
out  and  accurately  measurable,  and  in  agreement  with  theory 
within  one  half  per  cent. 

Finally  Mr.  Wimshurst  seems  to  have  exhibited  an  ordinaiy 
spangled  jar,  in  which  a  charge  electrostatically  induced  in  its 
outer  coat  exhibits  sparks  between  the  spangles  in  a  simple  and 
well-known  way.  He  thinks  this  is  analogous  to  the  sparkings  on 
the  wall-gilding  excited  when  an  oscillating  current  is  sent  throngb 
a  wire  circuit  lying  on  the  floor ;  but,  without  laying  unnecessaij 
stress  on  the  distinction  between  electrostatic  and  electromagnetic 
induction,  I  think  I  am  justified  in  saying  that  the  two  experi- 
ments are  not  analogous. 

Some  remarks  which  he  made  in  apparent  detraction  of  the 
Voss  macliine  I  do  not  completely  follow.  I  am  very  ready  to 
admit  that  a  Wimshurst  machine  is  an  excellent  instrument,  hai 
it  is  not  necessary  to  condemn  the  Voss  machine^  or  to  suggest 
that  it  is  worse  than  an  old  frictional  machine,  in  order  to  believe 
that.  The  Voss  machine  I  have  found  most  excellent  too,  and  for 
small  size  machines  I  personally  prefer  it ;  but  that  is  perhaps  >o 
idiosyncracy  based  upon  finding  it  easier  to  turn,  easier  to  take 
to  pieces,  thoroughly  under  control,  and  mechanically  simpler. 


•  See  Appendix  L       ^^'^'^^^ ''  GoOglc 
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There  is  not  the  slightest  difficulty  in  telling  which  terminal  is  Dr.  Lodgt. 
positive,  the  brush  appearance  to  the  points  tells  us  that  when- 
ever we  choose  to  look.     Certainly  it  easily  reverses.     That  is  its 
one  objection;  and  occasionally  it  is  an  annoying  peculiarity, 
though  I  have  got  pretty  used  to  it. 

I  should  like  to  remark  here,  what  after  all  is  fairly  obvious, 
how  great  service  has  been  done  by  the  developers  of  the  modem 
influence  machine,  from  Nicholson,  Varley,  and  Thomson,  to 
Holtz,  who  did  so  much,  and  on  to  Mr.  Wimshurst  himself. 

Many  of  the  remarks  of  Professor  Hughes  I  have  already 
incidently  answered  or  referred  to.  He  says,  quite  rightly,  that 
I  maintain  flat  ribbon  and  plenty  of  surface  is  an  improvement  oh 
rormd  rod,  but  as  to  whether  it  is  a  matter  on  which  very  great 
stress  need  be  laid,  I  will  defer  discussion  till  I  come  to  the 
observations  of  the  President. 

Professor  Hughes'  experiments  on  iron  versus  copper  no  doubt 
agree  with  mine  whenever  he  uses  alternating  currents  of  the 
same  frequency,  and  disagree  when  he  uses  alternating  currents 
of  much  lower  frequency.  For  telephonic  frequencies  iron  has 
much  greater  impedance  than  copper.  Oliver  Heaviside  does  not 
for  an  instant  deny  this,  but  he  says  that  there  may  be  circum- 
stances in  which  this  extra  inertia  is  an  advantage^  in  that  it 
helps  to  preserve  the  character,  or  quality,  or  shape,  of  electric 
waves,  although  it  admittedly  transmits  more  slowly  and  weakens 
them.  If  Mr.  Preece  and  observers  in  America  find  in  practice 
that  copper  wire  is  better  for  telephony,  as  they  apparently  do, 
then  that  means  that  the  character  of  the  vibrations  is  sufficiently 
preserved  in  copper,  and  the  comparative  absence  of  retardation  is 
all  to  the  good.  It  may,  however,  still  happen  that  in  submarine 
cables  iron  will  shew  an  advantage.  It  is  a  curious  paradox  no 
doubt  at  first  sight,  and  whether  the  advantages  outweigh  the 
disadvantages  in  any  particular  case  is  a  quantitative  question  of 
no  extreme  simplicity;  though,  nevertheless,  it  has  in  general 
terms  been  worked  out. 

But  the  question  for  ordinary  Leyden  jar  frequencies  is  much 
simpler.  For  them  the  i/mpedance  of  iron  and  copper  of  the  san^ 
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Dr.  Lodge,  diameter  is  practically  the  same,  unless  the  wire  is  very  lo&gor 
very  thin.  The  reaiataiice  of  the  iron  is  much  greater  than  that 
of  the  copper.  All  this  can  be  expressed,  and  has  been  expressed, 
quantitatively,  with,  in  my  opinion,  complete  certainty,  and 
beyond  the  reach  of  any  but  revolutionary  doubt  to  which  all 
scientific  doctrines  are  liable. 

And  on  the  practical  side  one  may  say  this:  The  circum- 
stance of  a  telephone  wire  and  of  a  lightning  rod,  are  not  only 
different,  they  are,  in  some  respects,  opposite.  The  object  of 
a  telephone  wire  is  to  convey  electric  waves,  unaltered  and 
unweakened,  to  a  distance.  One  object  of  a  lightning  con- 
ductor is  to  wipe  them  out  and  dissipate  their  energy  as  soon  aa 
possible.  The  very  properties  which  are  detrimental  in  one  case 
may  be  desirable  in  the  other.  It  is  no  doubt  a  quantitative 
question  how  fer  it  is  wise  to  wipe  out  energy  in  the  lightning 
conductor  itself,  and  Major  Cardew  thinks  it  is  unwise  to  do  so 
at  all.  Possibly;  but  at  present  I  hold  that  so  long  as  total 
impedance  is  not  appreciably  increased,  and  so  long  as  the  margin 
of  melting  is  not  too  closely  approached,  so  long  it  is  desirable  to 
dissipate  energy  wherever  you  can,  and  to  check  the  violence  of 
the  oscillations  as  rapidly  as  possible ;  and  hence  I  hold  that  a 
moderate  amount  of  true  resistance  is  no  defect  in  a  lightning 
conductor. 

Everyone  must  admire  the  beautiful  method  by  which  Professor 
Hughes  tests  his  wires  for  circular  or  cylindrical  magnetisation. 

In  Mr.  Symons'  objection  to  laboratory  experiments  being 
regarded  as  at  all  analogous  to  lightning,  and  still  more  clearly 
in  Captain  Cardew's  solemn  protest  in  favour  of  the  dignity  of 
a  thunderstorm  and  the  absence  of  dignity  from  experiments  con** 
ducted  with  tinplate,  I  seem  to  hear,  echoes  of  some  fine  old  crusted 
objections  which  were  current  in  the  time  of  Franklin,  and  which 
were,  perhaps,  somewhat  more  in  harmony  with  that  time  than 
with  the  present.  Now  that  the  subject  has  been  mooted,  how- 
ever, I  may  be  permitted  to  assert  my  conviction  that  the 
intrinsic  dignity  and  solemnity  of  nature  is  as  present  in  a  spark 
me  inch,  as  in  a  spark  one  mile,  long ;   that,  looked  at  with 
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insight,  a  drop  of  ink  hanging  from  a  funnel*  may  be  as  inspiring  dr  i^<xtee^ 
.an  object  of  contemplation  as  a  cataract ;  and  that  to  explicitly 
claim  special  dignity  for  the  one  is  implicitly  to  reject  it  from 
tihe  other.  True,  one's  subjective  feelings  of  awe  are  not  aroused 
in  the  one  case  as  in  the  other,  but  that  has  to  do  with  the 
relative  size  of  the  human  body ;  and  so  far  as  an  observer  is 
overwhelmed  or  liable  to  have  his  nerves  shattered  out  of 
•existence  by  the  phenomenon  he  is  witnessing,  just  so  far  he  is 
not  in  a  perfectly  collected  and  scientific  frame  of  mind.  More- 
over, experiment  under  modifiable  circumstances  has  enormous 
advantages  over  mere  observation,  especially  observation  which 
is  only  occasionally  possible.  Hence  experiments  in  a  laboratory, 
and  a  thorough  understanding  of  what  occurs  on  a  small  scale, 
are  a  very  good  introduction  to  the  enlightened  study  of  atmos- 
pheric electricity,  though  they  are  by  no  means  to  be  regarded 
as  a  substitute  for  that  direct  study.  So  let  me  here  emphat- 
ically admit  and  insist,  in  full  agreement  with  what  I  suppose  was 
the  intention  of  these  speakers,  and  with  the  more  direct  assertion 
of  Colonel  Armstrong,  that  experiments  on  actual  lightning  are 
highly  desirable.  Such  experiments,  as  a  sort  of  practical  out- 
come of  the  Mann  lectures,  are,  I  hope,  in  course  of  establishment, 
by  means  of  the  bright  idea  of  the  editor  of  the  Mectricicm^  and 
by  the  enlightened  co-operation  of  the  Eastern  Telegraph 
Company  and  Sir  James  Anderson.  At  foreign  stations  storms 
are  frequent,  and,  with  suitable  appliances,  I  trust  a  record  of 
valuable  observations  may  be  forthcoming  in,  say,  five  or  ten 
years — ^without,  let  us  hope,  the  "  expenditure  of  any  observers." 
The  large  number  of  photographic  records  of  lightning  which  are 
now  being  obtained  all  over  the  country  are  likewise  very  valuable 
aids  to  progress. 

Mr.  Symons  is  a  determined  and  consistent  advocate  of  large 
cross-section  for  conductors,  maintaining  that  they  are  liable  to 
be  fused  ;  and  as  this  is  a  question  of  observation  and  ex- 
perience of  damage,  I  should  be  disposed  to  allow  much  weight 
to   his    opinion.      Unfortunately,  however,  the    two  instances 
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Dr.  Lod^.  he  adduces  in  support  of  his  contention  are  not  such  as  will  bear 
serious  examination  ;*  since  in  one  it  is  the  links  of  a  chain 
which  are  melted,  and  in  the  other  the  conductor  is  not  fused, 
but  merely  **  burnt  by  use." 

Mr.  Symons  beautifully  illustrates  my  remark,  that  whenever 
a  building  is  damaged,  it  is  always  because  the  in&Uible  rules  of 
the  Lightning  Rod  Conference  had  not  been  followed.  The  church 
at  Gtirding  was  damaged  because  ^^  they  took  the  conductor  down 
^*  the  North  side  of  the  steeple,  not  down  the  wet  side,  as  we 
"  advised  " ! 

With  reference  to  his  depreciatory  observations  on  the  Hotel 
de  Ville,  Brussels,  and  the  Belgian  School  of  Electricians,  I  shall 
leave  them  to  speak  for  themselves.  Mr.  Symons  will  find  that 
the  death  of  M.  Melsens  has  by  no  means  removed  from  that 
country  every  man  skilled  in  lightning  conductor  appliances. 

I  do  not  know  who  it  is  that  has  told  Mr.  Symons  that  all  the 
lightning  conductors  ^^  on  the  Houses  of  Parliament,  Westminster 
"  Abbey,  or  wherever  it  may  be,  are  wrong  in  principle  and  are 
"  dangerous."  Certainly  I  have  not :  I  have  never  either  taid  or 
implied  that  a  well-erected  lightning  conductor  is  other  than  a 
source  of  safety  as  far  as  it  goes.  I  said,  in  my  first  Mann 
lecture,  that  the  neighbourhood  of  a  factory  chimney  is  ^^  a  source 
"  of  mild  danger."  And  so  I  believe  it  is,  even  when  possessing  a 
good  conductor.  But  most  distinctly  without  a  conductor  it 
would  be  a  source  of  danger  very  much  other  than  "mild." 
I  never  contemplated  such  a  case,  nor  supposed  that  anyone 
would  endeavour  to  increase  their  safety  by  pulling  down  light- 
ning conductors ! 

Colonel  Armstrong  quotes  several  cases  of  damage,  wherein  the 
earth  resistance  was  found  to  be  from  100  to  200  ohms.  With 
all  deference  to  his  experience,  I  feel  very  doubtfril  if  this  amount 
of  resistance  is  sufficient  to  account  for  the  damage.  I  have 
admitted  all  along  that  the  better  the  "earth"  the  better  for 
everybody ;  but  I  have  also  pointed  out  numerous  other  reason* 
for  failure  and  damage  beside  a  bad  earth. 


•  See  Appendix  IIL 
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In  his  most  interesting  observation  of  the  cartridges  exploded  !>'•  t/xige. 
in  a  sealed  metal  case,  we  ought  to  be  sure  that  the  flash  did 
not  pierce,  or  melt,  or  ignite  to  redness,  the  case.  Any  violence 
of  that  sort  might  explode  tjiings  in  a  very  commonplace  and 
tmelectrical  fashion.  So  also  the  violent  shock  due  to  expansion 
of  air,  or  what  Sir  W.  Thomson  at  Bath  called  the  sound-wave, 
may  be  expected  to  have  an  effect  on  detonators. 

Mr.  Adams  calls  attention  to  the  radiation  of  energy  from  con- 
ductors. It  is  most  true  that  radiation  goes  on  from  all  alter- 
nating circuits ;  and  from  linear  oscillators  like  those  of  Hertz, 
or,  what  is  essentially  the  same  thing,  from  cloud  and  earth 
joined  by  a  lightning  conductor,  the  intensity  of  radiation  is 
prodigious.  It  is  a  most  important  way  of  getting  rid  of  energy ; 
it  is  expended  on  the  ether  at  the  rate  of  many  horse-power. 
See  a  paper  of  mine  in  the  forthcoming  July  Philosophical 
Magazine.  I  am  not  sure,  however,  that  the  experiments  of  Mr. 
Adams  illustrate  this  radiation  very  exactly.  Nor  do  I  quite 
understand  his  last  sentence.  If  the  facts  be  as  he  states,  do 
they  not  place  iron  above  copper  rather  than  below  it  ? 

Mr.  Spagnoletti's  statements  are  most  interesting.  Mr,  W. 
Groves,  of  Bolsover  Street,  tells  me  he  has  seen  the  alphabetical 
step-by-step  machine  worked  two  or  three  letters  forward  by 
atmospheric  electricity  of  some  kind  on  a  wire  between  his  place 
and  Sir  Charles  Wheatstone's. 

Mr.  Evershed's  observations  on  clouds  go  to  support  the  con- 
clusion that  the  well-known  ^^  return  stroke,"  and  such  like  ob- 
servations, prove  the  conducting  nature  of  clouds — of  some  clouds 
at  any  rate. 

He  is  quite  right  in  pointing  out  that  all  oscillatory  character 
is  liable  to  be  wiped  out  of  a  discharge  which  has  had  to  travel  a 
great  length  of  thin  wire,  and  that  the  finding  of  a  quiet  tail  of 
current  leaking  away  in  some  obscure  comer  of  a  telegraph  instru- 
ment is  no  criterion  as  to  the  vigour  or  character  of  the  main 
flash  whence  it  arose. 

Passing  to  the  criticisms  communicated  since  the  meeting^jl^ 
have  no  special  remark  to  make  on  the  ^tements  of  Major 
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Dr.  Lodife.  Cardew  except  to  say  that  several  seem  to  be  mere  statements  of 
personal  opinion,  rather  lightly  and  casually  made. 

With  respect  to  No.  30 :  "  We  all  know  there  are  millions  of 
volts/'  my  point  is  misapprehended.  It  is  familiar  that  there  axe 
millions  of  volts  between  cloud  and  earth ;  it  is  not  familiar  thai 
there  may  be  millions  of  volts  between  the  top  of  a  well  earthed 
and  stout  copper  lightning  conductor  and  the  earth.  When 
Major  Cardew  says,  as  he  does  towards  the  end  of  his  remarks^ 
under  head  ^^FovHhj'  that  a  conductor  of  small  impedance  is 
desirable,  everyone  must  agree  with  him ;  but  when  he  goes  on  to 
say  that  such  a  conductor  is  obtained  by  following  the  roles  of 
the  Lightning  fiod  Conference  (or  any  other  rules  for  that  matter),, 
it  is  necessary  to  disagree  with  him.  The  impedance  could  not 
be  considered  in  any  sense  *^  small,"  even  if  a  column  of  pore 
copper,  a  foot  in  diameter,  was  employed.  The  impedance  of 
such  a  column,  100  metres  high,  to  a  current  of  frequency  one 
million  per  second,  is  nearly  900  ohms. 

Major  Cardew  twits  me  with  having  supposed  that  an  earth 
resistance  can  be  got  as  low  as  one-thousandth  of  an  ohm,  but  if 
he  chooses  to  refer  to  my  Section  84  again  he  will  find  that  I 
have  supposed  nothing  of  the  kind.  If  I  had  said  the  billionth  of 
an  ohm  it  would  have  expressed  precisely  the  same  meaning. 

The  experience  which  Colonel  Bucknill  has  had  in  connection 
with  the  War  Office  conductors,  and  the  attention  he  has  for 
many  years  given  to  the  protection  of  powder  magazines,  rendtf 
his  practical  remarks  very  weighty.  I  regret  they  are  at  present 
80  brief. 

And  now  I  come  to  the  remarks  of  the  President  himsell 
For  such  of  them  as  are  personal,  I  may  be  permitted  to  express 
to  him  my  thanks.  There  is  one  point — ^that  with  reference  to 
article  56 — ^where  I  wish  to  explain  my  meaning  more  fully. 

My  statement  runs,  ^^  Flat  ribbon  has  a  slight  advantage  over 
**  round  rod,  but  not  enough  to  override  questions  of  convenience^ 
Now  it  is  of  course  perfectly  true  that  extent  of  sur&ce 
diminishes  impedance,  that   Snow   Harris's  hollow  tubes 
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better  than  Faraday's  solid  rods,  and  that  if  only  one  single  stout  nr.  Lodge, 
conductor  is  to  be  used,  then  tape  is  distinctly  its  best,  as  indeed 
it  is  then  also  its  most  convenient,  form.  But  I  wished  to  obtain 
small  self-induction  by  splitting  up  the  conductor  into  detached 
portions,  making  each  portion  fairly  thin.  For  these  small 
conductors  also,  no  doubt  ribbon  is  electrically  better  than  wire. 
But  will  it  last  as  long  ?  Is  iron  ribbon  easy  to  obtain  ?  So 
long  as  common  galvanised-iron  telegraph  wire  is  so  easy  to 
procure,  it  seemed  a  pity  to  insist  on  any  other  shape  of  cross- 
section,  especially  since  a  ribbon  of  corresponding  cross-section 
would  have  to  be  so  thin  as  to  be  very  liable  to  rust  away.  All 
this  I  had  in  my  mind  in  writing  section  56.  I  had  so  frequently 
insisted  on  the  advantage  of  large  surface  in  my  theoretical 
papers,  that  I  thought  it  permissible  to  throw  it  over  in  the 
practical  portion  for  solely  practical  reasons,  i.e.,  because  to  insist 
on  it  to  the  bitter  end  seemed  to  entail  trouble  and  expense. 

But,  it  may  be  objected,  why  then  did  I  say  that  tape  had 
only  a  alight  advantage  over  rod  ?  Well,  it  is  a  matter  of 
arithmetic  to  reckon  how  much  better  a  given  tai)e  is  than  a 
given  rod.     If  I  make  no  mistake  this  is  the  result. 

The  self-induction  of  a  rod  of  sectional  radius,  r,  is  to  that  of  a 
strip  of  breadth,  6,  both  being  of  same  length,  i,  very  nearly  in  the 

ratio 

log  2  Z  —  log  r  —  1 
log  2  i  -  log  ^  6  -  i' 

the  currents  in  each  case  being  of  such  rapid  frequency  as  keep 
to  the  outer  surface. 

Now,  unless  the  rods  are  very  short,  or  unless  the  breadth  of 
the  tape  is  enormous — ^its  thinness  being  likewise  excessive,  if  it 
is  to  consist  of  the  same  amount  of  metal  as  the  rod — this  ratio  is 
not  much  greater  than  unity ;  and  the  same  will  be  the  ratio  of 
their  impedances. 

Similarly  the  difference  between  hollow  tube  and  solid  rod  is 
not  of  any  great  practical  moment  in  lightning-rod  circumstances. 

With  iax  lower  frequencies,  such  as  100  per  second,  when 
frictional  or  dissipation  resistance  is  the  important  part  of  total 
impedance,  and  when  currents  penetrate  a  certain  depth  into  the' 
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Dr.  Lodge,  substance  of  a  conductor,  it  is  an  altogether  different  matter,  and 
the  advantage  of  tube  or  plate  over  rod  is  then  enormous ;  as  Sir 
William  Thomson  has  so  thoroughly  brought  home  to  everybody. 

Suppose,  as  rather  an  extreme  case,  the  ratio  of  self-inductions 
for  tape  and  rod  were  as  great  as  2,  then  the  tape  would  have 
half  the  impedance  of  the  rod  for  currents  of  the  same  frequency. 
Such  a  case  I  have  experimented  on ;  but  I  should  not  like  tc 
insist  even  then  on  the  use  of  the  tape  in  preference  to  the  rod,  if 
there  were  serious  practical  objections  on  the  score  of  cost, 
unsightliness,  want  of  durability,  &c.,  to  be  made  against  it. 

If  there  are  no  such  objections,  then  tape  by  all  means,  and 
the  thinner  and  broader  the  better.* 

It  may  be  just  borne  in  mind  that  decreasing  the  self-induction 
goes  to  increase  the  frequency,  and  hence  that  if  ever  the  con- 
ductor forms  a  large  portion  of  the  entire  path  of  discharge,  the 
advantage  of  reducing  its  inertia  is  still  less  marked,  for  the 
impedance  depends  only  on  the  square  root  of  L  in  that  case. 

The  President  misunderstands  me  in  one  place,  where  he 
thinks  I  have  said  that  it  is  no  use  connecting  conductors  to 
water  mains.  I  do  not  know  whence  this  misunderstanding  can 
have  arisen ;  possibly  from  section  59,  where  I  say,  **  A  good 
^^  and  deep  earth  should  in  general  be  provided,  independent  of 
"  water  and  gas  mains.'^  This  may  not  be  perfectly  clear,  but 
my  meaning  was  as  follows : — 

Have  at  least  one  independent  earth,  made  by  a  well  or  other 
suitable  means,  in  addition  to  water  main  connections.  In  other 
words,  do  not  depend  solely  on  water  main  connections. 

Probably  this  is  a  counsel  of  perfection  for  the  case  of  ordinary 
dwelling-houses,  but  for  an  important  building  I  think  it  may  be 
wise,  for  these  reasons.  Mains  are  near  the  surface,  and  in  some 
weathers  the  soil  near  them  may  have  become  dry.  Also  they 
ramify  into  the  house  and  into  other  people's  houses,  and  will 
therefore  conduct  any  violent  charge  communicated  to  them 
partly  into  these  places,  where,  by  a  branch  flash  to  a  gas  pipe, 
damage  may  be  done  and  gas  ignited. 


See  Appendix  II. 


gitized  by  Google 


1889.]  DISCUSSION.  549 

I  have  shewn  that  well  earthed  mains  can  thus  give  oflF  un-  D'-  Lodge. 
expected  sparks  at  a  fair  distance,  even  when  only  a  Leyden  jar 
discharge  is  run  into  them  ;  hence  I  feel  sure  that  some  cases  of 
damage  result  from  lightning  being  thus  brought  underground 
into  houses. 

Having  a  good  independent  earth  in  addition  to  water  mains 
is  not  indeed  a  security  against  this  source  of  danger,  but  it  is  a 
step  towards  it.  I  do  not  propose  to  avoid  the  mains  altogether, 
because  in  so  many  places  it  is  not  practicable.  Whether  you 
connect  to  them  or  not,  the  lightning  will  go  to  them  if  it  chooses, 
unless  they  are  fieur  away ;  and  it  is  better  to  give  it  an  easy  path 
rather  than  let  it  fly  through  air  or  soil,  and  knock,  or  melt,  or 
bum  a  hole  in  them.  It  may  sound  absurd  to  talk  of  lightning 
knocking  a  hole ;  but  the  concussion  of  air  is  so  great  as  to 
produce  all  the  effects  of  an  explosion.  I  entirely  agree  with 
Colonel  Bucknill,  that  damage  is  most  usually  done  wherever  an 
air  gap  is  jumped.  I  think  compo-pipes  are  mostly  melted  where 
a  flash  jumps  to  or  from  them  than  where  it  simply  passes  along 
them. 

With  reference  to  the  load  of  coke,  I  was  under  the  impression 
that  it  was  cheap  and  easy.  It  is  not  novel,  and  there  are  dozens 
of  other  well-known  plans,  if  any  are  handier. 

Lastly,  I  come  to  the  most  interesting  topic  of  all — the 
cartridges  exploded  in  metal  cases,  mentioned  by  Colonel  Arm- 
strong (always  provided  that  they  were  not  merely  ignited  by 
heat),  and  the  President's  remarks  thereupon. 

Experiments  on  the  effect  of  screens  have  gone  on  at  intervals 
for  some  time  in  my  laboratory.  We  can  suspend  a  little 
electrometer-like  needle,  charged  positive  at  one  end  and  negative 
at  the  other,  inside  a  tinfoil-coated  glass  box,  and  can  deflect  it 
by  moving  towards  it  a  charged  ebonite  rod.  But  in  order  to 
succeed,  the  lid  of  the  box  must  be  so  put  on  that  a  L^clanche 
cell  shall  not  be  able  to  ring  a  bell  by  conduction  along  the  box. 
In  other  words,  there  must  be  a  breach  of  continuity,  or  at  least 
a  very  high  resistance  in  the  circuit.  So  soon  as  a  L^clanche 
current  can  pass,  no  practicable  motion  of  the  ebonite  rod  can 
disturb  the  needle  in  the  slightest  degree.    But  there  must  le 
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Dr.  Lodge,  some  limit*  to  this.  A  stronger  charge  moved  more  quickly 
might  do  something,  so  we  have  taken  to  firing  charged  bullets 
out  of  a  miniature  cannon  towards  the  box.  The  bullets  are  no 
joke.  They  go  slick  through  three  inches  of  wood,  and  it  takes  a 
considerable  thickness  of  earth  to  stop  them.  They  can  be  charged 
and  discharged,  or  reversed  at  appropriate  stations,  by  passing 
through  charged  metal ;  or  they  can  be  made  to  propel  suddenly 
a  permanently  charged  disc.  But  not  a  wink  does  the  needle 
show.  That  only  means  that  the  tinfoil  coating  is  too  thick* 
We  are  going  on  to  gold  leaf,  or  a  silver  film,  and  so  gradually 
thinning  down  till  an  effect  is  obtained.  An  effect  must  be 
forthcoming  with  a  thin  enough  conductor,  because  one  can  go 
by  gradual  degrees  to  none  at  all.  Liquid  screens  can,  of  course, 
also  be  employed,  and  probably  quite  a  decent  thickness  of  these 
will  be  fairly  transparent.  I  would  suggest,  principally  by  way 
of  query,  that  the  action  will  be  as  follows : — 

Let  the  resistance  of  a  metal  box  to  a  current  along  it  be  K, 
then  when  a  steady  current  (C)  flows,  a  difference  of  potential 
(R  C)  will  exist  between  its  ends,  whence  electrostatic  lines  of 
force  will  radiate  both  inside  and  outside,  and  an  electrometer 
needle  inside  will  feel  them.  Now,  instead  of  passing  a  current 
through  the  box,  move  an  electrostatic  charge,  Q,  with  velocity, 
Vy  towards  it.  An  electric  displacement  occurs  which  results  in 
a  momentary  current,  proportional  to  Q  Vy  in  the  metal  walls  of 
the  box,  and  to  a  slope  of  potential  some  specifiable  fraction  of 
R  Qv  which  the  needle  may  feel. 

When  a  spark  strikes  the  box,  a  momentary  current  similarly 
exists  in  its  coating. 

Now,  if  the  momentary  current  has  no  time  to  penetrate  the 
entire  thickness  of  the  metal  so  as  to  flow  in  its  innermost  layers, 
then  none  of  the  slope  of  potential  due  to  it  can  be  felt  inside  the 
box,  though  outside  it  would  be  mixed  up  with  the  much  greater 
direct  action  of  the  electrostatic  charge.  But  if  the  covering  i^ 
thin  enough  for  some  portion  of  the  current  to  travel  by  its 
innermost  layer,  then  an  electrostatic  disturbance  will  occur 
inside,  which  the  needle,  or  a  frog's  leg,  or  a  vacuum  tube,  or  a 
microscopic  spark  gap,  may  be  competent^  Co  feel.     I  may  say, 
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however,  that  frog's  legs  do  not  appear  very  sensitive  to  this  ^^-  J^8«- 
class  of  eflFects.      A  zinc  copper  contact  disturbs  them  vastly 
more. 

Now,  if  the  metal  be  iron,  the  depth  to  which  the  transient 
currents  penetrate  is  very  much  less  than  it  is  in  the  case  of  non- 
magnetic metals ;  hence  a  superficial  layer,  thick  enough  to  make 
an  eflFective  screen  if  made  of  iron,  might  be  a  very  imperfect 
screen  if  made  of  any  non-magnetic  metal.  On  the  other  hand, 
the  resistance  of  iron  is  so  immensely  greater  than  that  of  non- 
magnetic metals  to  these  transient  currents,  that  if  the  layer 
were  thin  enough  to  permit  an  effect  to  be  appreciated  at  all, 
the  slope  of  potential  to  be  felt  might  be  greater  than  with 
copper,  or  even  with  tin  or  lead. 

May  I  ask  the  President  to  be  good  enough  to  say  if  any  or 
all  of  this  is  nonsense  ?  and,  if  it  is  not  (being  perhaps  only  what 
he  instinctively  had  in  his  mind  when  he  gave  a  hint  about  iron 
cages  at  Bath — the  hint  which  he  repeated  in  reply  to  Colonel 
Armstrong),  then  he  will  probably  be  able  to  calculate  off-hand 
how  much  effect  is  to  be  expected  in  any  given  case,  and  to  lay 
down  rules  whereby  the  disturbance  liable  to  be  felt  through  a 
given  thickness  of  a  definite  metal  can  be  at  once  calculated. 

And  now  with  respect  to  the  "  Practical  Suggestions,"  which  I 
provisionally  made  at  the  end  of  my  paper  in  order  that  they 
might  receive  the  benefit  of  criticism ;  and  between  which  and 
the  main  body  of  the  paper  I  have  always  drawn  a  clear  distinc- 
tion. Several  have  been  criticised,  and  some  have  been  shaken. 
May  I  quickly  run  over  the  list,  indicating  those  which  I  still 
strongly  uphold  and  those  which  I  regard  as  doubtful  ? 

Nos.  51,  52,  and  53,  I  suppose  Mr.  Symons  would  say,  are 
"reprinted  from  the  Lightning  Kod  Conference."  They  have, 
certainly,  a  fine  ancient  flavour  of  orthodoxy  about  them.  But 
he  would  not  have  me  throw  over  everything,  both  bad  and  good ! 
They  seem  to  me  good* 

Nos.  54  and  55  I  strongly  uphold. 

No.  56  I  have  indicated  my  reasons  for  provisionally  main 
taining.     If  they  are  bad  reasons  I  trust  the  President  will 
once  crush  them  out  of  existence. 


Un 
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Dr.  Lodge.  No.  57  I  regard  as  very  important,  especially  its  latter  sen- 
tence. It  is  just  one  of  the  points  wherein  the  rules  of  the 
future  will  differ  from  the  rules  of  the  past. 

Nos.  59,  60,  61,  62  are  very  much  open  to  discussion. 

Nos.  63  and  64,  I  think,  are  sound.  But  very  likely  Colonel 
Bucknill's  addition  to  63  is  an  improvement. 

No.  65  is  very  doubtful.  There  are,  as  Colonel  Bucknill  points 
out,  very  serious  exceptions  to  it,  even  if  it  can  ever  be  regarded 
as  a  rule. 

Nos.  66  and  67  are  sound,  I  think. 

No.  68  is  a  fact.  (This,  Major  Cardew  will  say,  is  ^^  dogmatic.'' 
That  also  is  a  fact.) 

No.  69  is  a  counsel  of  perfection :  intended  for  powder  maga- 
zines, not  for  dwelling-houses.  Sir  W.  Thomson  said  it,  or  some- 
thing like  it,  at  Bath.  It  must  be  remembered,  however,  that 
"  gasometers  "  are  damaged  when  struck,  according  to  reports  in 
newspapers. 

Nos.  70  and  71  are  very  doubtful.  I  throw  them  out  as 
suggestions  which  experience  must  settle. 

No.  72  is,  I  think,  all  right,  but  after  the  words  "  a  load  of 
"coke"  one  may  add,  or  any  of  the  wdl-knovm  earth  ccmioA 
arrangements. 

No.  73  has  been  wholesomely  criticised.  I  think  I  am  safe  in 
still  saying  "it  is  not  an  unmixed  good."  But  very  likely  the 
gain  outweighs  the  loss.  In  fact,  I  have  in  the  Mann  lectures 
advocated  the  proceeding  as  good  on  the  whole. 

No.  74  I  should  be  glad  to  be  able  to  omit,  but  see  no  present 
chance  of  it. 

Nos.  75  and  76  have  been  well  criticised.  I  quite  feel  the 
force  of  the  criticisms,  and  am  glad  to  take  reftige  in  No.  74.  At 
the  same  time  a  righteous  substitute  for  No.  76,  if  it  be  wrong,  is 
very  desirable.  The  middle  part  of  No.  76  (a  chimney  with  inside 
metal  shaft)  is  a  frequent  and  very  difficult  case.  It  embodies 
the  advice  which  at  present,  for  want  of  better,  I  give.  Boiler 
firemen,  engine  tenders,  and  dynamos,  would  be  apt  to  be 
damaged,  I  fear,  if  contrary  advice  were  followed,  p  j 
No.  77  is,  I  think,  generally  true,  for  such  tfimgs  as  rain- 
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water  conduits  under  eaves,  for  picture  rods,  &c. ;  not,  of  course,  ^-  ^^^^ 
for  a  miscellaneous  collection  of  metal  objects. 

No.  78  is,  I  think,  right,  if  not  too  troublesome  in  practice.  A 
crown  of  long  points  leaning  well  over  into  the  smoke  may  do  as 
well. 

No.  79  probably  belongs  to  Mr.  Symons  and  the  Lightning  Bod 
Conference. 

Nos.  80,  81,  82,  83  are  intended  to  apply  only  to  desperately 
important  places :  dynamite  factories,  petroleum  tanks,  and  such 
like.    They  are  of  course  perfectly  open  to  criticism. 

No.  84  is  correct. 

Nos.  85,  86,  87  are  hints  towards  more  elaborate  methods  of 
testing  than  the  out-of-date  plan  at  present  in  use.  I  call  it  out- 
of-date  because  it  is  based  upon  the  untruth  of  No.  57,  and  upon 
entire  ignorance  (very  natural  a  few  years  back)  of  the  great 
obstruction  offered  by  good  conductors.  It  is  better  than  no 
testing  at  all,  but  it  is  extremely  inadequate,  in  that  it  detects 
only  one,  and  that  a  comparatively  unimportant,  kind  of  flaw. 

Nos.  88,  89,  90,  91  have  to  do  with  lightning  "  protectors," 
and,  I  suppose,  are  orthodox  and  indubitable. 


APPENDIX  L 

Theory  of  B  CiRCurrs,  of  "Alternative  Path"  Experiments, 
AND  OF  Side  Flash. 

Consider  a  couple  of  jars  connected  to  the  terminals  of  a 
machine  by  their  inner  coats  and  to  a  wire  circuit  by  their  outer 
coats  (Fig.  1).  A 

They  form  an  ordinary  circuit  with  a        /  ^ 

capacity  inserted  equal  to  the  semi-harmonic  — L^ 

mean  of  the  two  jars  separately,  and  an  air 
gap  of  adjustable  width  at  A ;  and  the  maxi- 
mum difference  of  potential  producible  in  it 
is  determined  by  the  distance  of  the  A  knobs.  Fio«  i. 

When  the  discharge  occurs,  a  current  flows  of  course  equally  round 
the  whole  circuit,  but  the  peculiarity  is  that  up  to  the  instant  ^r 
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Dr.  U6«e.  discharge  the  B  portion  of  the  circuit  is  at  a  uniform  potentiaL 
If  a  gap  exists  in  B  also,  as  it  well  may,  the  terminals  of  the  gap 
may  likewise  be  at  the  same  potential  up  to  the  instant  when  the 
rush  occurs.  The  discharge  will,  as  usual,  be  oscillatory  unless 
the  resistance  of  the  whole  circuit  be  too  great ;  and  the  period 
of  osciUation  will  be  approximately  2  ir  ^  (L  S),  where  S  is  the 
capacity  of  the  two  jars  in  series. 

Now  number  the  coatings  of  the  two  jars  as  shewn  in  the 
diagram,  and  write  down  their  electrical  condition  before  and 
during  the  discharge  spark  at  A  : — 


Before  diicharge 

After  :J  period     

After  i  period 

After  J  period     

After  a  whole  period ... 

Plate  1. 

Plate  2. 

Plate  8. 

Plate  4. 

Charge. 

Poten- 
tial. 

Charge. 

Poten- 
tiaL 

Charge. 

Poten- 
tial. 

Charge. 

PoUsn- 
tiaL 

+  Q 
0 

-Q 
0 

+  Q 

+  V 
0 

-V 
0 

+v 

-Q 

0 

+  Q 
0 

-Q 

-V 
0 

+  v 

0 
-V 

0 

+Q 
o 

O 

-V 

0 

+v 

0 

+  Q 
O 

-Q 
O 

+  Q 

0 

+v 

0 
-V 

0 

and  so  on,  with  gradual  damping  (the  damping  being  omitted  in 
the  table  for  simplicity). 

Thus,  then,  between  the  ends  of  the  B  wire  exists  at  regukr 
intervals  almost  the  whole  difference  of  potential  which  is  able 
to  jump  the  air  gap  at  A.  Strictly  speaking,  the  difference  of 
potential  is  rather  less  than  that  corresponding  to  the  A  gap, 
thus : — 

The  equation  to  the  current  at  any  instant  is  accurately 

C  =  -^      6  ^  -^     sin  p  L 

where  V^  is  the  initial  difference  of  potential  corresponding  to 
the  A  spark,  and  where 

_  Now  if  1.1  is  the  portion  of  the  whole  selJ-mcfucfiOT  which 
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xsorresponds  to  the  B  length  of  wire  (i.e.,  subtracting  from  the  i>r*  i^4K»- 
whole  L  the  part  belonging  to  the  A  wire),  and  if  Ri  is  the 
resistance  of  the  B  wire,  its  impedance  is  y/(  (p  Li)*  4-  Rj*) ;  and 
while  a  current,  C,  is  flowing  through  it,  the  difference  of  potential 
between  its  ends  is  therefore  y/(  (p  Li)*+  Ri*)  C. 

Now  the  current  flowing  through  attains  its  maximum  value 
one-quarter  period  after  the  A  spark  has  commenced,  ix*, 
in  a  time 

-^ ;    f  more  exactly,  in  a  time  —  tan        ^   j; 

and  inserting  this  in  C  we  get  the  maximum  possible  strength  of 

<5urrent,  viz. : — 

_    ttR 

c,  =  -^:^    e  ^^^' 

p  L 
Hence  the  maximum  possible  difference  of  potential  between 
the  ends  of  the  B  wire  is 


v/{v<fn-.^ 


V  =  V, ^ ^L    --•" 

that  is,  a  certain  fraction  of  V^ ,  the  fraction  being 

total  impedance  of  B  wire  ^ ,    ,        .        ,     .        ,         .   , 

. — ZT' — ' J ? — in — : vT  X  damping  dunnc  f  penod. 

inertia  impedance  of  whole  circuit  ^    ^  o  4  r 

Very  often  a.  sufficient  approximation  to  this  is 

'   TT  R 

IT"' 
and  if  the  wires  are  thick  and  short,  or  non-magnetic,  and  the 
cai>acity  big,  the  damping  during  the  first  quarter  of  a  period  is 

often  so  small  that  merely  the  fraction  ^-^  will  do  sufficiently 
well. 

So  then,  if  a  supplementary  pair  of  tapping  knobs  be  con- 
aieoted  to  the  ends  of  the  B  wire,  as  shown  in  Fig.  2,  and  if 

their  distance  be  adjusted  to  be  i-^ths  of  the  A  distance,  a 

«park  is  liable  to  pass  at  these  knobs. 

This  is  what  I  call  a  B  spark,  and  the  spark  gap  affords  an 
alternative  path  to  the  B  wire,  or  vice  verea.  o 


Dr.  Lodg«. 


566  LIGHTNING,  LIGHTNING  GONBUCTOBS,  Etc.     [Mfty  l«tb, 


l:-f 


Fia.  2. 

There  is  no  need  to  tap  oflF  the  whole  of  the  B  wire.  Any 
portion  however  small  will  serve,  provided  the  appropriate  value 
of  Li  is  used.  The  length  of  the  B  spark  measures  the  differenee 
of  potential  needed  to  propel  the  current  through  the  portion  of 
wire  which  is  thus  tapped.  Of  course,  if  a  B  spark  actually  occurs, 
it  introduces  disturbance ;  the  knobs  should  be  set  so  that  it  just 
fails. 

There  is  one  thing  not  here  explicitly  stated,  but  which  has 
to  be  taken  into  account  in  calculating  the  value  of  R,  and  that 
is  the  loss  of  energy  by  radiation.  With  small  jars  and  circuits 
this  loss  is  very  great,  and  it  increases  the  value  of  R  enormously. 
See  a  paper  of  mine  in  the  forthcoming  July  Philoaophuxd 
Magazine.  With  big  jars  and  circuits  it  may  be  safely  omitted; 
the  experimentally  observed  B  spark  Vill  agree  with  calculation. 
But  with  small  jars,  if  it  be  omitted,  the  observed  B  spark  will 
be  always  less  than  the  calculated.* 

In  this  way  a  measure  of  the  damping  due  to  radiatiye 
dissipation  of  energy  can  immediately  be  made. 

The  observation  of  Mr.  Wimshurst  about  the  neutral  point, 
indicates  at  once  that  this  theory  also  gives  the  length  of  side 
flash  obtainable  &om  the  wire.  Let  any  part  of  the  B  wire  be 
put  to  earth,  or  let  its  natural  neutral  point  be  found,  then 
the  V  calculated  as  above  for  any  other  point  gives  the  length  of 
side  flash  obtainable  from  that  point  to  earth. 

Side  flash  is  in  fact  a  special  case  of  the  alternative-path 
experiment.  With  a  symmetrical  wire  like  this,  everything 
insulated  and  the  jars  equally  charged,  the  neutral  point  is 
naturally  the  middle.  But  with  a  lightning  conductor  the  lower 
end  is  to  earth  more  or  less  completely,  hence  from  the  actual 

♦  See  The  Electrician  for  2l8t  June,  1889.  <-^ 
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bottom  of  the  wire  no  side  flash  should  be  obtainable.  One  ^r.  Lodge, 
always  will  be  obtainable,  however,  owing  to  the  impossibility  of 
making  a  non-resisting  earth  of  infinite  capacity.  Higher  up,  the 
length  of  side  flash  obtainable  must  be  its  length  at  the  bottom 
plus  the  V  corresponding  to  height  of  point  tried.  The  maximum 
side  flash  is  obtainable  &om  the  top  of  the  wire.  The  strength  or 
energy  of  the  spark  depends,  of  course,  on  the  capacity  of  the 
body  receiving  it  (if  insulated) ;  being  i  S  V*,  when  V  is  calculated 
as  already  said.  If  it  be  an  earthed  body,  then  the  whole  discharge 
divides  itself  between  the  two  paths,  according  to  the  laws  of 
divided  current  appropriate  to  these  conditions. 

In  testing  a  conductor,  a  spark  should  be  given  to  the  top,  and 
the  length  of  side  spark  obtainable  at  the  bottom  should  be 
observed.  All  else  can  be  calculated,  except  in  so  far  as  there 
may  be  defects  in  the  visible  portion  of  the  rod. 


APPENDIX   II. 

Resistance  and  Impedance  for  Frequencies  comparable. to  a 
Million  per  Second. 

If  -^  is  the  frequency  of  current  conveyed  by  a  wire  of  length 

ly  and  of  ordinary  resistance  r,  made  of  a  substance  of  permeability 
fi ;  then  its  resistance  to  currents  of  excessively  high  frequency 
is  R  =  \/(i35i/Ltr), 

hence  the  resistance  of  soft  iron  is  immensely  higher  than  that 
of  any  non-magnetic  metal. 

The  self-induction  under  the  same  circumstances  is 

Lo  +  — , 
P 

where  L^  refers  solely  to  the  space  surrounding  the  conductor. 
The  inertia  portion  of  the  impedance  is* 
JoL, +  R, 

*  At  first  sight  it  may  seem  as  if  I  were  making  a  mistake  in  having  an  R  term 
in  the  purely  inertia  part  of  the  obstruction,  but  it  is  quite  right.  This  term  R 
happens  to  represent  exactly  the  magnetisation  of  the  substance  of  the  wire,  so  far 

418  its  outer  skin  is  magnetised.  --o . ^1^ 
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Dr.  Lodge,    of  which  the  first  term  is  far  the  bigger  at  high  frequencies,  even 

for  iron,  unless  the  wire  is  very  thin. 

The  total  impedance  is 

y/(p'W  +  2pL,R  +  2R0, 

of  which,  again,  the  first  term  usually  far  eclipses  the  others. 

NuTnerical  Examples. — 1.  Let  the  length,  Z,  of  conductiiig 

rod  be  10  metres,  its  diameter  1  centimetre,  and  let  it  be  bent 

into  the  form  of  a  circle  (if  it  be  straight,  there  will  be  but  little 

difference);    take  /a  =  1  for  copper,  or   900  for  iron;   specific 

resistance,  1600  square  centimetres  per  second  for  copper,  or  7 

times  this  for  iron *;  and  letp  =  2  -tf  X  10^  per  second. 

Then,  whatever  the  substance  of  the  conductor, 

L^  =  12,000  centimetres  ; 

while  the  common  resistance, 

•002  ohm  for  copper. 

•014  ohm  for  iron. 

Hence  the  effective  resistance  is 

__    r  '08  ohm  for  copper. 

C6'3    ohms  for  iron. 

I'he  inertia  portion  of  the  impedance  is, 

_    <  75*4  +     "08  =  75  5  ohms  for  copper. 

^    "^  "*"       ~    (75-4  +  6-3    =  82-0  ohms  for  iron. 

The  total  impedances  are  practically  the  same — viz., 

C  73'5  ohms  for  copper. 

1  82'0  ohms  for  iron. 

2.  If,  instead  of  taking  a  rod  10  metres  long,  we  consider  » 

length  100  metres  long,  of  the  same  thickness,  these  quantities 

become  : — 

Lo  =  162,000  centimetres. 

__   (     '02  olim  for  copper. 

1     '14  ohm  for  iron. 

_    f     '8  ohm  for  copper. 

(63*0  ohms  for  iron. 

r    _x.        _x    i. .         -I  (1,003  ohms  for  copper. 

Inertia  part  of  impedance  ■{ ,  ^^^    ,        ,.     . 

(.1,066  ohms  for  iron. 

^  ^  ,  .         ,  (1,003  ohms  for  copper. 

Total  impedance  -l ,  ^^„    ,        -     .  f\nin]o 

^  U,067  ohms  for  iron.    OOglC 


(  14. 
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3.  Lastly,  for  a  wire  100  metres  long,  but  1  millimetre  in  Dr.  Lodge. 

diameter,  the  values  would  be 

ho  =  208,000. 

2  ohms  for  copper. 

ohms  for  iron. 

^  J     8  ohms  for  copper. 

(630  ohms  for  iron. 

Inertia  part  of  impedance, 

_   (1310  +       8  =  1,318  ohms  for  copper. 

^   '"  "^       ~   (1310  +  630  =  1,940  ohms  for  iron. 

^  .  ,  .         ,  (1,318  ohms  for  copper. 

Total  impedance -^^  ^^^    ,        -     . 

(2,040  ohms  for  iron. 

All  this  supposes  the  frequency  to  be  determined  indepen- 
dently of  the  conductor  considered,  and  to  remain  the  same; 
but  as  the  conductor  increases  in  length  it  has  a  tendency  to 
decrease  the  frequency ;  and  that  is  the  meaning  of  my  sentence 
in  section  28,  to  which  Major  Cardew  objects,  "  and  of  any 
"  moderate  length,  such  as  100  yards  or  less  (not  many  miles)." 

I  ought  to  say  that  the  here  calculated  values  for  B  do  not 
take  into  account  at  all  the  loss  of  energy  by  radiation.  This 
will  always  go  to  increase  R,  often  very  perceptibly,  sometimes 
enormously.     I  will  go  into  this  further  in  some  other  place. 

These  examples  illustrate  suflSciently  well  the  comparative 
behaviour  of  iron  and  copper  under  well-marked  and  frequently 
occurring  conditions.  I  have  chosen  the  frequency  of  a  million 
a  second,  because  I  have  shewn  reason  for  believing  that  it  is  not 
at  all  unlikely  to  apply  to  the  circumstances  of  lightning ;  the 
capacity  discharged  per  flash,  and  the  self-induction  of  its  path, 
being  neither  of  them  very  big. 

But  while  we  are  about  it,  it  is  instructive  and  quite  easy  to 
write  down  the  values  for  some  considerably  lower  frequencies : 
not  for  slow  frequencies  such  as  alternating  machines  give,  the 
theory  for  them  is  more  complicated,  but  the  simple  theory  will 
do  for,  say,  10,000  complete  periods  per  second.  The  result  will 
be  distinctly  different.  No  longer  does  inertia  constitute  the 
whole  of  the  obstruction  for  iron,  though  it  still  does  for  copper: 
and  for  iron  it  constitutes  the  largest  part.  -  S 
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Dr.  Lodge. 


Frequency,  10,000  per  second. 

Kesisttince, 

Inertia  part 

of 
Impedance 
OLo  +  R). 

Total 
Impedance. 

Ohms. 

Ohms. 

Ohmsi 

(  Copper  ... 
lO-raetre  rod  1  cm.  thick  < 

(  Iron        ... 

•008 
•03 

•762 
1-384 

•762 
1^52 

{  Copper  ... 
lOO-metre  rod  1  cm.  thick  -i 

(  Iron 

•08 
<5'3 

1011 
1696 

1011 
18-1 

(  Copper  ... 
lOO-metre  wire  1  mm.  thick  < 

( Iron 

•8 
C3- 

13-9 
76^1 

13^9 
98-8 

The  depth  penetrated  by  the  current  into  the  substance  of  the 
wires,  is  definite  at  a  given  frequency — unless  the  wire  is  too  thin 
to  leave  a  central  margin,  and  is  independent  of  the  diameter  of 
the  wire  ;  at  least  for  these  high  frequencies.  It  is  easily  calcu- 
lated with  fair  approximation,  thus,  the  sectional  radius  of  the 

wire  being  a : — 

2  IT  a  d  a       r 
7ra»       ="  R' 
whence  d  a,  the  depth  eflfectively  penetrated  by  the  current,  or 
the  thickness  of  conductor  practically  made  use  of,  is— 

'  in  copper  tV  millimetre ; 
.in  iron 


Tsir 


For  the  million  per  second  frequency  -j  . 

For  the  ten  thousand  per  second  frequency  •?  .    .  \^ 

•^  tmiron      ^V    „ 

It  may  be  after  all,  therefore,  that  I  am  wrong  in  saying  that 

rod  is  anything  approaching  as  good  ad  tape  for  conductors.    It 

is  nearly  as  good  in  respect  of  mere  impedance,  but  whenever 

there  is  any  chance  of  the  wire  being  melted,  then  tape  is  far 

better.    Rod  ought  to  be  apt  to  have  its  skin  burnt  oflF  it,  unless 

the  central  core  has  time  to  exert  any  cooling  action  by  sharing 

the  heat.*  But  it  is  because  I  doubt  whether  decently  substantial 

♦  The  specimens  exhihited  by  Mr.  Preece,  of  copper  wire  incipientlj  fnMcd 
hj  lightning  intemallj,  are  interesting.  They  may  have  heen  fnsed  by  the  dead* 
beat  tail  of  a  current ;  the  oatside  cooling  most  rapidly.  They  look  as  if  they  bad 
been  hottest  inside,  and  if  so  an  explanation  is  needed ;  bat  they  are  not  likely  to 
upheave  the  foundations  of  electro-msgnetism.  -^ ^ ~  O   ~ 


1889.]  DISCUSSION.  '  561 

conductors  are  in  any  real  danger  from  heat  that  I  have  asserted  Dr.  Lodge, 
the  advantage  of  greater  surface  to  be  but  small. 

I  wait,  however,  for  an  expression  of  authoritative  opinion 
from  the  President  on  these  points. 


APPENDIX  III. 

On  the  Melting  of  Conductobs. 

The  list  of  fused  conductors  at  the  end  of  the  Lightning  Rod 
Conference  Report,  Appendix  J,  is  very  short,  but  short  as  it  is 
it  includes  things  not  quite  free  from  serious  misleading.  Over  and 
over  again  it  has  been  truly  asserted  that  wherever  there  is  an  arc 
or  a  flash  to  a  conductor  damage  is  likely  to  be  done.  Terminals 
which  have  to  receive  the  flash  should  always  be  thicker  than  the 
wire  which  has  only  to  conduct  it.  This  must  be  regarded  as 
very  ancient  and  orthodox,  as  well  as  very  true.  I  now  run 
through  the  short  list  of  damage,  and  analyse  it.  The  table  is 
headed,  "  List  of  Metals  Melted." 

1.  "Copper  rod,   '35   inch   diameter."     This  was  an  upper 

terminal,  tapering  from  one-third  of  an  inch  diameter  at 
the  base  to  a  point,  and  only  9^  inches  long  altogether. 
This  terminal  was  "  nearly  all  melted." 

2.  "  Copper  rope,  '31   inch   diameter,  at  Nantes."     Callaud, 

«  Traits,"  page  89. 

3.  Rope,  said  to  be  -7  inch  diameter,  at  Carcassone.     Callaud, 

"Traits,"  page  89. 
These  I  will  refer  to  directly.      They  were  not  fused,  but 
broken,  or  eaten  into,  or  otherwise  "  burnt  by  use." 

4.  "Iron  rod,  '2  inch  diameter."      This  was  a  few  inches 

melted  from  the  poi/nt  of  an  upper  terminal,  and  some  of 
the  links  of  a  chain. 

5.  "  Brass  rod,  '2  inch  diameter."    This  was  a  tapering  ter- 

minal, 10  inches  long,  of  the  given  diameter  at  the  base, 
and  it  was  only  melted  for  one-fourth  of  its  length. 
The  implied  statemcTU  in  the  report  is,  therefore,  that  a  bra^le 
rod  }  of  an  inch  in   diameter  was  melted.    The  fact  is,  that 
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Dr.  ixMjige.  2^  inches  was  melted  off  a  sharp  brass  point !  Fortunately  in 
this  case,  and  in  case  1  also,  the  body  of  the  report  itself  oontains 
the  material  capable  of  overthrowing  this  misrepresentation. 

6.  "  Copper  rod,  perhaps  -13  inch  diameter."  T)ns  was  a 
common  bell-wire,  and  it  was  legitimately  destroyed,  but 
still  it  protected. 

That  is  the  whole  list,  and  it  amounts  to  nothing  more  than 
a  bell-wire,  and  to  cases  2  and  3,  the  account  of  which  I  now 
proceed  to  translate  from  the  treatise  of  M.  Callaud.  The 
Carcassone  case  is  one  of  the  two  Mr.  Symons  quotes  in  his 
remarks  (the  other  is  case  No.  4,  above).  It  is  the  only 
one  that  sounds  improbable,  and  the  evidence  for  it  seems  to  me 
weak ;  but  I  leave  readers  to  judge.  The  evidence  for  the  Nantes 
cases,  such  as  they  are,  is  perfectly  good. 

Extract  from  ^'TraitS  des  ParatonnerreSy"  par  A.  Callavd, 
p.  89 : — "  The  conductor  of  the  Church  Sainte-Croix  at  Nantes 
"  was  a  cable  of  red  copper,  a  centimetre  in  diameter ;  it  vas 
"  formed  of  seven  strands,  each  consisting  of  seven  wires,  the 
"  wires  being  one  millimetre  thick.  I  was  witness  of  a  storm  and 
"  of  violent  flashes  which  traversed  it,  and  it  showed  no  trace  of 
"  deterioration.  This  size  can  therefore  be  permitted,  though  it 
"  seems  to  me  slight.  The  cable  which  existed  before  that  of 
"  which  I  speak,  also  of  red  copper,  was  found  broken  by  a  flash 
"  and  damaged  over  a  part  of  its  length ;  il  avait  8  millimetres. 
"  I  know  of  conducting  bars,  5  millimetres,  which  a  single  stonn 
"  has  deteriorated  and  eaten  into  in  a  way  that  ten  years  of  rust 
"  would  hardly  accomplish. 

"  M.  VioUet-le-Duc,  whose  words  I  have  had  the  honour  of 
'^  quoting,  has  seen  at  Carcassone  some  cables  of  lightning 
"  conductors  burnt  by  use.  lis  avaient  18  millimetres.  *  In  this 
"  '  town,'  he  tells  me,  *  storms  are  frequent— daily,  in  certain 
"  *  seasons.' "  In  such  a  case  the  size  of  18  millimetres  will  be  then 
"  insufficient." 

This  last  is  a  most  vague  account.  The  material  is  not  speci- 
fied, nor  is  it  perfectly  certain  whether  the  18  millimetres  refer 
to  the  diameter,  or  whether  it  means  that  it  consisted  of  18  wes, 
each  a  millimetre  thick.     Evidently,  however,  M.  Callaud  supposes 
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it  to  mean  the  diameter,  and  most  likely  it  does.    But  why  in  the  Dr.  Lodge 
ploral  ?    And  does  "  burnt  by  use "  mean  anything  more  than 
that  some  of  the  thin  wires  were  burnt  or  fused  together,  or  that 
the  cable  was  oxidised  superficially  ? 

Considering  the  exceptional  character  of  the  testimony,  if 
understood  in  the  Lightning  Rod  Conference  sense,  it  is  a  pity  it 
is  second-hand. 


APPENDIX  IV. 

On  Conditions  under  which  Points  can  be  Preferentially 
Struck  in  Case  B. 

Beferring  to  Mr.  Wimshurst's  observation  of  the  eflFect  of  the 
sign  of  top-plate,  the  following  is  an  extract  from  an  April 
note  book  kept  by  my  assistant : — 

"  Large  sphere  (or  dome),  knobs,  and  point,  arranged  between 
two  plates  so  as  to  be  equally  struck  by  a  B  spark.  The 
plates  are  connected  to  the  outer  coats  of  the  two  small  or 
pint  jars,  whose  inner  coats  are  connected  to  the  machine, 
between  whose  terminals  occurs  a  moderate  A  spark. 

1st.  With  the  tap-pldte  positive. 


Dome 

... 

2-5  < 

centimetres. 

T^.  X             r    Large  knob  ... 
Distances  of    „      n  i      i. 

Small  knob  ... 

••• 

3-6 

3.8 

Point 

••• 

3-8 

?> 

2nd.  Top-plate  negative. 

Dome 

•.• 

2*5  centimetres. 

_.  ^             Large  knob... 
Distances  <  ^     ,,  ,     , 

Small  knob ... 

••• 
••• 

3-0 
3-7 

5> 

[Point 

... 

8-0 

5? 

Lengthening  the  A  spark  makes  the  distance  at  which  the 
point  is  struck  less.'' 

The  following  measurements  have  been  made  quite  recently, 
large  jars  being  used,  but  the  vigour  of  the  rush  being  diminished 
in  some  cases  by  making  the  A  spark  (^.6.,  the  distance  betweeiip 
the  machine  terminals)  quite  short. 
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Dr.  Lodge.         Two  gallon  jars    similarly    connected,  instead  of  the  pint 

jars.     Objects  arranged  between  plates  to  be  easily  and  about 

equally  struck,  as  before.     First,  with  the  A  spark  1  centimetre 

long. 

Top'plate  neyaiive. 

(  Large  knob     1*2  centimetres. 

Distances  from  top-plate  of  J  Small  knob     1*4  „ 

(Point       ...     2-4 
Tqp-jplate  positive. 

5  Large  knob        ...     1-5  centimetres. 
Small  knob 2'2  „ 

Point 2-0  „ 

Lengthen  A  spark  to  5  centimetres —  ' 
Top-plate  negative. 

{Large  knob        ...     3"4  centimetres. 
Small  knob 3*5  „ 

Point 3-9  „ 

Top-plate  positive. 

i  Large  knob         ...     4*0  centimetres. 
Small  knob 4*2  „ 

Point 3-9  „ 

Repeat  with  A  spark  ahowt  5  centimetres,  but  the  B  distances 
made  greater. 

Top-plate  positive. 

Large  knob        ...     5*4  centimetres. 

Small  knob 4*7  „ 

Point 4'7  „ 

Top-plate  'negative. 

Distances  unaltered,  and    all    are  struck 

occasionally  as  before,  but  the  sraall 

knob   gets   struck    rather  more   often 

than  the  others,  and  the  large  knob 

rather  less  often. 

Hence  it  is  clear  that,  under  circumstances  when  the  rush  i^ 

really  impulsive^  the  difference  between  positive  and  negative 

toi)-plate,  which    Mr.  Wimshurst  called  attention  to,  does  not 

exist.     It  only  exists  in  so  far  as  the  rush  is  gradual.      <^  ' 
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A  ballot  for  new  members  took  place,  at  which  the  following 
were  elected : — 

Foreign  Member : 
Carlos  Monteiro  e  Souza. 


Associates : 


Edward  W.  Cowan. 
W,  P.  James  Fawcus. 
Richard  0.  Gr.  Drmnmond. 
Jesse  Kemsley. 


Ernest  B.  Vignoles. 
Henry  Bloomfield  Vorley. 
George  Wilkinson. 
Cecil  Wray. 


StudeifUs: 
Alexander  J.  Protheroe.        |  Herbert  Edward  Starr. 

The  meeting  then  adjourned. 
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The  One  Hundred  and  Ninety-fifth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday,  May 
23rd,  1889— Sir  William  Thomson,  F.R.S.,  President,  in  the 
Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May 
16th  were  read  and  confirmed. 

The  names  of  candidates  for  admission  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

Donations  to  the  Library  since  the  last  statement  were 
announced  as  having  been  received  from  Major  Francis  J.  Day, 
R.E.;  Major  P.  Cardew,  R.E.,  Member;  C.  S.  James,  Member; 
to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  President  :  Gentlemen,  the  order  of  the  papers  has  been 
altered  from  that  which  appears  in  the  notice.  Mr.  Mordey  has 
specially  requested  that  my  short  communication  be  read  first 
and  the  discussion  on  it  taken  before  the  reading  of  his  own  paper. 
It  is  a  very  kind  suggestion  on  Mr.  Mordey's  part,  and  as  he  has 
expressed  the  desire  that  it  should  be  so,  I  accept  the  proposal, 
and  beg  to  thank  him  for  it,  although  I  should  be  exceedingly 
sorry  if  any  such  change  in  the  order  should  in  the  slightest 
degree  interfere  with  the  communication  of  his  paper  to  the 
Institution.  It  must  not,  in  fact,  be  allowed  to  do  so.  Mr. 
Mordey's  paper  is  a  most  important  one,  on  a  subject  of  vital 
interest  to  electrical  engineers,  and  it  is  necessary  that  it  should 
be  thoroughly  and  carefully  read  and  listened  to,  and  that  there 
should  be  as  much  time  allowed  for  its  discussion  as  circumstances 
permit. 

Whatever  discussion  there  may  be  on  my  communication  must 
therefore  naturally  be  very  short,  and  I  hope  we  may  so  arrange 
it  that  we  may  not  occupy  more  than  half  an  hour  of  the  time  of 
the  evening.  " o' 
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I  shall  now,  without  further  preface,  read  the  following 
paper: — 

ON  THE  SECURITY  AGAINST  DISTURBANCE  OF  SHIPS' 
COMPASSES  BY  ELECTRIC  LIGHTING  APPLIANCES. 

By  Sm  William  Thomson,  D.C.L.,  F.R.S.S.  (L.  &  E.),  President. 

The  danger  to  be  avoided  is  sufficiently  explained  in  the 
following  short  statement  by  Mr.  William  Bottomley,  which 
appeared  in  the  Nautical  Magazine  for  December,  1885 : — 

*^  The  following  example  of  a  case  which  might  occur  in  any 
^*  large  ship,  will  show  the  amount  of  error  which  may  be  pro- 
**  duced  on  the  compass  "  [by  the  electric  lighting  apparatus] 
**  unless  precautions  are  taken  to  guard  against  it. 

"  Suppose  a  main  lead  from  the  engine-room  to  the  fore  part 
^*  of  the  ship,  to  light  up  100  lamps,  is  brought  along  the  centre 
"**  of  the  ship.  It  may  be  at  a  distance  of  10  metres,  or  33  feet, 
^^  from  the  standard  compass,  and  will  run  almost  underneath  it. 
*^  If  we  suppose  that  each  lamp  takes  one  ampere  of  current 
**  there  will  be  a  current  of  100  amperes  altogether  in  this  lead. 
^*  Now,  the  eflFect "  [of  an  infinitely  long  straight  current]  "  on  the 
^*  compass  "  [above  it]  "  at  a  distance  D  in  centimetres  is  given 
**  by  the  formula 


F 


^XtVC 


HD 

^'  where  C  is  the  current  in  amperes  and  H  is  the  horizontal 
^  magnetic  force.  In  this  case  we  have  C  =  100  amperes  and 
**  D  =  1,000  centimetres.     Therefore 

_       20       _  0;;02 
-  1,000  H  -    H  • 

<*  At  Glasgow  the  horizontal  force  may  be  taken  as  0*15  in  c.g.s. 

'02         1 
**  units,  therefore  the  eflfect  on  the  compass  will  be  -rr  =  ^.r* 

"  This  will  be  expressed  in  degrees  by  multiplying  by  57*3,  the 
*^  number  of  degrees  in  the  radian,  or  angle  subtended  at  the 
^  centre  of  a  circle  by  an  arc  equal  in  length  to  the  radius. 
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*•  Therefore,  the  amount  of  error  produced  by  such  a  current  on 

57*3 
"  the  compass  will  be  ^^  =  7*6  degrees. 

^^  The  foregoing  refers  to  a  single  wire  and  a  continuous 
**  current  machine,  but  if  an  alternate  current  machine  is 
"  employed  no  effect  will  be  produced  on  the  compass  even  when 
"  the  ship's  side  is  used  for  the  return.  ^When  a  continuous 
"  current  machine  is  used,  the  danger  of  producing  an  error  on 
"  the  compass  can  be  avoided  by  using  two  wires  close  to  one 
"  another,  but  these  wires  should  be  well  insulated  from  the 
"  ship's  side.  If  in  any  way  one  of  the  wires  is  brought  in 
"  contact  at  two  points  of  its  length  with  the  iron  of  the  ship 
"  there  may  be  no  change  observable  in  the  lighting,  but  the 
"  current  may  produce  as  much  error  on  the  compass  as  it 
"  would  if  there  was  only  a  single  wire. 

"  The  following  points  should  therefore  be  attended  to  in  all 
"  cases  of  lighting  ships  by  electricity : — 

"  First. — With  continuous  current  machines  two  wires,  well 
"  insulated,  should  always  be  employed. 

"  Second. — The  insulation  of  the  wires  should  be  tested 
"  periodically ;  if  any  connection  with  the  iron  of  the  ship  i^ 
"  found,  the  fault  should  at  once  be  corrected. 

"  Third. — ^^^^len  an  alternate  current  machine  is  used,  a 
"  single  wire  may  be  employed  and  the  iron  of  the  ship  used 
"  to  complete  the  current  without  producing  any  effect  on  the 
"  compass. 

"  What  makes  this  question  of  the  greatest  importance  is  that 
"  the  error  may  be  produced  without  ever  being  detected  by  the 
"  officers  of  the  ship.  On  board  ship  the  errors  of  the  compass 
"  are  usually  determined  during  the  day,  in  the  morning  and 
"  afternoon,  but  the  electric  light  is  only  used  at  night.  The 
"  captain  may  therefore  carefully  determine  his  errors  every  day, 
"  and  set  his  course  quite  correctly ;  but  at  night,  when  the 
"  electric  light  is  turned  on,  the  ship  may  be  going  several 
"  degrees  off  her  proper  course,  although  she  is  being  correctlj 
"  steered  by  the  compass.  r^^^^T^ 

"  In  connection  with  the  lighting  of  ships  with  electridtv, 
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**  there  is  another  point  which  should  also  be  attended  to — that 
^^  is,  the  position  of  the  dynamo.  If  it  is  placed  near  an  iron 
"  bulkhead,  the  upper  end  of  which  is  near  the  compass,  the 
**  bulkhead  may  become  magnetised  by  induction  so  powerfully 
"  that  it  will  produce  a  considerable  error  on  the  compass." 

The  subject  was  also  referred  to  in  Mr.  Bottomley's  paper  on 
^^The  Magnetism  of  Ships  and  the  Mariner's  CJompass/'  read 
before  the  Society  of  Arts,  Janua.ry  28th,  1886,  and  published  in 
the  Journal  of  the  Society  for  February  5,  1886.  In  the  discus- 
sion which  followed,  and  in  which  Captain  Creak,  of  the  Admiralty 
Compass  Department,  Mr.  Alexander  Siemens,  and  Dr.  Hopkinson 
took  part,  it  appeared  that  in  three  ships,  lighted  on  the  single- 
wire  system  with  direct  currents,  small  but  not  unimportant 
errors  in  the  compass,  due  to  the  lighting  currents,  had  been 
actually  observed.  Since  that  time  several  cases  have  been 
reported  to  me  of  large  passenger  ships,  lighted  with  direct 
currents  on  the  one-wire  system,  in  which  as  much  as  4°  or  5°  of 
error  on  the  compass  has  been  produced  by  the  electric  lighting. 
In  the  latest  of  these  cases,  a  few  weeks  ago,  an  error  of  4°  on  the 
North  course  was  found  when  the  light  was  put  on.  The  light 
was  put  on  and  off  several  times  with  the  ship's  head  North,  and 
every  time  the  same  error  was  produced. 

The  precautions  for  security  which  I  have  to  suggest  are — 

1.  The  use  of  the  two-wire  method  exclusively  (unless,  which 
is  now  rarely  the  case,  alternate  currents  are  used). 

2.  The  most  simple  and  convenient  test  for  faults  of  insulation 
capable  of  disturbing  any  of  the  compasses  on  board  is  a  lam]) 
set  up  in  the  neighbourhood  of  the  dynamo,  with  one  end  per- 
manently connected  with  the  ship's  iron,  and  a  switch  for  readily 
putting  its  other  terminal  in  connection  with  either  of  the 
dynamo  mains  at  any  time.  The  switch  should  occasionally  be 
moved  each  way  by  the  engineer  in  charge,  and  if  either  motion 
lights  the  lamp  to  any  visible  degree,  a  defect  of  insulation  on 
the  corresponding  main  is  proved,  and  ought  to  be  immediately 
corrected.  But  unless  the  lamp  is  lighted  to  full  brilliance,  the 
fault  is  certainly  not  so  great  as  to  sensibly  disturb  a  compass. 
Full  brilliance  proves  only  one  fault;  and  there  must  be  mor^'^ 
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than  one  such  fault  before  any  error  of  practical  importance  can 
be  produced  in  any  of  the  compasses. 

3.  Care  that  there  is  not  magnetic  ^4eakage  "  from  the  dynamo 
(as  practical  men,  guided  by  Faraday's  ideas,  theory,  and  language,, 
have  now  taught  the  scientific  world  to  call  it)  enough  to  produce 
any  compass-disturbance  of  practical  moment.  Capt.  Creak, 
speaking  at  the  beginning  of  1886,  in  the  Society  of  Arts  dis- 
cussion previously  referred  to,  said  that  in  one  ship  the  direct 
compass-disturbance  produced  by  the  generating  machine  was 
^^  felt  through  a  distance  of  55  ft.,"  and  across  iron  bulkheads, 
and  that  it  was  perceptible  also  in  other  ships  of  the  Royal  Navy 
electrically  lighted  on  the  two-wire  system. 

My  impression  is  that  the  improved  dynamos  now  ntiade  have 
much  less  of  magnetic  leakage  than  those  made  prior  to  1886, 
but  we  still  want  information  as  to  their  disturbing  magnetic 
effect  at  such  distances  as  have  to  be  considered  in  connectioD 
with  the  compass  question. 

4.  To  ascertain  that  there  is  no  perceptible  compass-disturb- 
ance, or  if  there  is  any  to  test  its  amount,  the  compass  should  be 
observed  while  the  current  through  the  dynamo  is  started  and 
stopped,  either  by  starting  and  stopping  the  dynamo  itself,  or  by 
making  and  breaking  the  circuit  of  the  field  magnets.  This 
should  always  be  done  before  the  electric  light  installation  is 
taken  over  from  the  contractors.  It  is  best  and  most  easily  dose 
when  the  ship  is  in  dock,  or  lying  steadily  at  anchor.  On  no 
account  ought  it  to  be  delayed,  in  a  new  ship,  till  she  goes  out 
for  compass  adjustment.  A  determination  of  the  amounts  of  the 
disturbance,  if  any,  for  all  courses  of  the  ship  can  be  made  by  aid 
of  my  deflector  without  moving  the  ship.  But  a  sufficient 
practical  test  may  be  made  by  first  observing  the  effect  of 
starting  and  stopping  the  current,  on  the  compass  as  it  stands; 
then  adjusting  a  small  magnet  placed  on,  or  supported  a  little 
above,  the  glass  of  the  bowl,  to  deflect  the  compass  about  45^ 
first  on  one  side  and  then  on  the  other  side  of  its  undisturbed 
position,  and  in  each  case  observing  the  effect  of  starting  and 
stopping  the  electric  current.  This  effect  ought  not  to  be  as 
much  as  2*^  in  any  of  the  three  cases.  Jgtized  by LjOOglC 
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5.  A  small  electric  lamp,  with  its  two  electrodes  insulated 
and  twisted  together  in  the  usual  manner,  may  safely  (and  with 
very  great  advantage  in  most  cases  of  electrically  lighted  ships*) 
be  used  to  light  the  compass.  The  effect,  if  any  perceptible,  of 
its  current  on  the  compass  ought  to  be  tested  in  the  manner 
described  in  No.  4. 

Staff-Commander  Gkeak,  R.N.,  F.E.S. :  I  am  very  glad  to  hear  Ruir-com. 

Creak. 

what  Sir  William  Thomson  has  told  us  on  the  subject  of  the 
effects  of  single-wire  leads  and  dynamos  on  compasses  in  electrical 
installations  on  board  ship.  I  can  only  speak  from  experience  as 
regards  our  men-of-war,  where  the  electric  light  has  been  adopted 
for  some  years  past.  We  have  only  one  ship — the  "  Polyphemus  " — 
fitted  with  single  wires ;  in  all  other  vessels  the  wires  are  duplicated, 
the  lead  and  return  wires  being  close  together  and  led  along  the 
ship's  side  with  double  wire  branches  to  the  lamps .  There  has 
never  been  any  trouble  caused  by  the  wires — our  troubles  have 
been  caused  by  the  dynamos.  As  an  instance,  I  may  mention 
the  "  Northampton,"  where  three  dynamos  of  large  external  field 
were  fixed  about  37  feet  from  the  standard  compass  on  the  bridge. 
Near  this  latter  were  two  of  Sir  William  Thomson's  compasses, 
and  on  the  deck  below  two  steering  compasses. .  I  made  experi- 
ments for  horizontal  and  vertical  force,  as  well  as  notations  of  the 
angular  deflection  of  the  compasses.  With  all  three  machines 
running,  a  deflection  of  3°  to  5°  was  observed  at  the  most  distant 
positions  on  the  bridge,  and  as  much  as  11°  was  observed  at  the 
steering  compass.  These  experiments  distinctly  pointed  to  the 
dynamos  as  the  cause.  These  machines  were  unfortunately  placed 
with  their  red  poles  uppermost.  The  effects  of  each  machine  in 
deflecting  the  several  compasses  was  next  tried.  First,  No.  1  on 
and  off,  then  No.  2,  and  lastly  No.  3  on  and  off.  The  greatest 
deflection  produced  by  any  one  machine  was  6** — with  all  three  on, 
11°.  Besides  the  "Northampton,"  two  other  ships  have  given 
trouble — ^the  "Curlew  "  and  "Landrail," — ^all  distinctly  traceable  to 
the  dynamos,  and  either  from  their  being  too  near  or  their  poles 

•  Those  who  know  the  trouble  of  keeping  the  best  of  ordinary  compass  lam^lc 
alight,  for  the  steering  compass  on  the  bridge  of  some  of  our  cross-Channel  steamers 
in  a  winter  gale,  will  appreciate  this  advantage. 
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s^com.  being  placed  in  wrong  relation  to  the  compasses,  or  firom  the 
machines  being  of  unsuitable  type  for  ships.  There  are  machines 
the  external  field  of  which  is  so  small  that  it  may  be  disregarded. 
In  the  "  Northampton,"  the  officer  of  the  watch  could  never  tell 
whether  the  engineers  below  were  running  one,  two,  or  three 
machines  ;  whilst  he  had  three  deviation  tables  to  consult,  accord- 
ing to  the  number  of  dynamos  at  work.  This  state  of  things 
would  be  intolerable  in  any  weather,  much  less  in  fogs,  and  the 
machines  are  to  be  removed  from  the  vessel  in  conaequence- 
There  is  nothing  to  prevent  an  installation  of  the  electric  light 
being  made  on  board  perfectly  harmless  as  regards  the  compass,  if 
suitable  dynamos  and  double  wires  are  used. 

It  is  a  great  pleasure  to  me  to  find  that  I  have  the  authority 
of  Sir  William  Thomson  to  confirm  much  that  I  have  said,  knowing 
that  we  must  all  gladly  defer  to  his  opinion  as  one  of  our  highest 
authorities  in  these  matters. 

.sieinens  ^'  ALEXANDER  SIEMENS :  Mr.  President,  I  am  very  glad  that 

you  have  brought  this  subject  forward  so  that  we  can  discuss  it 
here,  because  I  need  not  tell  you  I  am  a  strong  advocate  of  the 
single-wire  system,  and  the  experience,  of  my  firm  has  been  that 
hardly  any  trouble  has  ever  been  experienced.  This  is  principally 
due  to  our  having  carried  out  paragraph  4  of  your  paper.  It  has 
been  our  habit  always  to  try  the  effect  of  the  lamps  and  the 
dynamos  on  the  compasses,  and  in  most  cases  there  has  been 
no  eflfect  at  all.  In  fact,  in  all  our  practice,  which  extends  over 
a  number  of  years,  and  includes  a  great  number  of  ships,  we  have 
really  had  only  one  single  case  in  which  any  effect  was  produced 
on  the  compasses,  and  I  have  brought  with  me  a  copy  of  the 
letters  which  passed  between  my  firm  and  the  shipping  company 
at  the  time,  because  I  thought  it  would  be  best  to  submit  the 
matter  as  it  was  discussed  at  that  time. 

The  shipping  company  wrote  to  us  the  following: — "With 
"  reference  to  the  visit  of  your  Mr.  Siemens  to  the  steamer  to- 
**  day,  and  to  the  conversation  with  him  on  the  subject  of  the 
"  effect  produced  on  the  standard  compass  of  the  ship  by  the 
"  electric  light  currents  in  the  companion  below  it,  we  shall  be 
**  glad  if  you  will  be  good  enough   to  write   iiSL  a  full  Jetter 
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"  detailing  the  cause  of  this  occurrence  (the  only  one  which  has  ^^^^^ 
"  yet  come  to  our  notice),  and  the  re-arrangement  of  the  wires 
"  which  you  propose  to  make  in  order  to  do  away  with  the 
"  disturbing  eflFect  complained  of.  We  shall  be  glad  at  the  same 
"  time  to  have  an  expression  of  your  views  with  reference  to 
"  Mr.  Bottomley's  letter  to  the  Nautical  Magazine  for  the 
"  current  month,  on  this  subject."  That  is  to  say,  the  letter 
which  you,  sir,  refer  to  in  your  paper. 

"We  answered  as  follows : — "  We  beg  to  say  that  on  Tuesday 
**  last  we  made  experiments  on  this  ship,  and  were  unable  to  • 
'*  find  any  deflection  of  the  compass  needle  due  to  the  electric 
"  light  currents,  as  the  ship  was  then  lying — i.e.,  with  her  head 
"  pointing  63®  to  the  west  of  north ;  but  it  is  possible  that  when 
"  the  ship  is  otherwise  positioned  there  may  be  some  disturbance, 
."  although  our  experience  in  fitting  some  hundreds  of  ships  on 
"  the  single-wire  system  has  not  brought  any  such  instance  to 
"  our  notice. 

"  We  believe  the  cause  of  the  observed  deflection  to  be  the 
**  position  selected  for  the  compass  with  respect  to  the  wires,  and 
"  we  have  offered  to  re-arrange  the  wires  so  as  to  neutralise  their 
**  eflFect ; " — [I  should  say  that  the  compass  was  put  up  after  the 
wires  had  been  fixed,  and  we  had  no  knowledge  that  the  compass 
was  to  be  there] — "  but  the  captain  wished  us  not  to  do  so  before 
"  the  ship  sailed  this  time,  in  view  of  the  disturbance  to  the 
^*  ship's  woodwork  our  work  would  involve,  assuring  us  that  he 
"  anticipates  no  inconvenience  from  this  eflFect  on  the  compass  if 
**  it  be  found  to  be  permanent  and  a  constant  quantity.  We 
'*  have,  therefore,  taken  no  further  steps  in  the  matter." — [I  may 
say  from  that  day  to  this — ^that  is,  during  four  years — we  have 
not  heard  any  further  complaints,  although  we  make  it  a  practice 
to  send  one  of  our  assistants  on  board  each  ship  which  has  been 
fitted  by  us  with  electric  lights,  as  soon  as  she  returns*  to  harbour, 
to  ask  of  the  engineers,  or  those  who  have  had  charge  of  the 
electric  lighting  apparatus,  what  complaints  they  have  to  make. 
And  in  this  way  any  effect  on  the  compasses  would  have  been 
brought  to  our  notice  at  once.] — "We  have  carefully  perused 
•*<  Mr.  Bottomley's  letter  in  the  Naviical  Ma/jazive  for  this 
VOL.  xvm.  40 
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Mr.  «  month,  and  whilst  we  are  not  disposed  to  question  the  coirect- 

'^  ness  of  his  calculations,  we  must  point  out  that  the  example  he 
"  gives  is  one  not  likely  to  occur  in  practice,  for  he  takes  no 
"  account  of  the  fact  that  a  wire  carrying  as  much  as  100  ampetes 
^^  on  board  ship  would  be  laid  between  decks,  and  the  compasses 
"  would  therefore  be  shielded  from  its  influence  by  the  iron  deck, 
^'bulkheads,  and  other  adjacent  masses  of  iron,  which  do  not 
"  enter  into  Mr.  Bottomley's  calculations.  Moreover,  the  neu- 
^'  tralising  effect  of  other  wires  (branches  and  duplicate  mains) 
"  has  been  neglected  by  him. 

"  We  shall  be  interested  in  any  reports  you  may  be  pleased 
"  to  lay  before  us  on  the  effects  on  the  compass  which  may  be 
"  observed  during  the  ship's  iSrst  voyage,  that  are  tracei^le  to 
"  the  electric  lights  *' — and,  as  I  said,  we  have  had  no  farther 
reports  about  this  particular  ship  at  all.  This  has  been  the  only 
case  where  an  effect  on  the  compass  was  observed  in  a  dhip  fitted 
by  us ;  and  if  we  had  known  that  the  compass  was  to  be  there, 
we  should  simply  have  put  up  a  return  wire  in  the  vicinity  of  the 
compass,  so  as  to  neutralise  the  effect  of  the  current. 

*The  second  case  of  a  compass  disturbance  which  was  brought 
to  our  knowledge  was  by  the  same  shipping  company,  who  wished 
us  to  inspect  a  ship  which  was  fitted  by  another  firm,  and  I  made 
a  personal  report  upon  it  as  follows  : — 

"  As  requested  verbally,  I  went  yesterday  on  board   your 
"  steamship  to  investigate  the  effect  of  the  electric  light  current 
"  on  the  compasses. 
"  1.  I  observed   the  positions  of  the   compass  in  the   steering 

"  house,  and  of  the  standard  compass  before  the  electric 

"  light  was  started,  and  took  further  observations — 
"  2.  With  all  lights  on  ; 
"  3.  After  three  lights  in  the  music  saloon,  immediately  under 

"  the  steering  compass,  had  been  turned  out ; 
"  4.  After  three  lights  in  the  companion  way  had  been  turned 

"  out ; 
"  5.  After  two  lights  in  the  saloon  had  been  turned, out ; 
"  6.  After  putting  on  the  two  lights  in  saloon ; 
"  7.  After  putting  on  the  three  lights  in  the  liiSil*  mSSS^^ 
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"  8.  After  putting  on  the  three  lights  in  the  companion  way  ;         slemens 

"  9.  After  turning  out  all  lights  except  those  on  night  circuit ; 

"  10.  After  turning  out  all  lights  ; 

"11.  After  turning  on  again  the  upper  lights  ; 

"  12.  After  turning  all  lights  on  again. 

"  The  effect  of  all  these  changes  on  the  standard  compass  was 
"hardly  to  be  noticed,  and  was  certainly  less  than  half  a  degree  ; 
"  a  pretty  strong  wind  was  blowing  at  the  time,  and  this  may 
"  have  had  as  much  to  do  with  the  changes  as  the  electric 
**  current. 

"  The  efifect  of  turning  on  all  lights  was  to  cause  a  deviation 
"  of  about  li°  in  the  steering  compass,  but  after  all  lights  had 
"  been  turned  out  again  the  compass  did  not  quite  return  to  the 
"  first  position. 

"  After  these  observations  had  been  taken,  the  ship's  head  was 
"  swung  out  20^  and  a  similar  set  of  observations  taken. 

"  The  effect  on  the  standard  compass  was  again  hardly 
"  noticeable,  and  the  steering  compass  showed  not  more  than 
"  half  a  degree  variation. 

"  The  turning  on  and  off  the  lights  under  4  seemed  to  have 
"  some  effect ;  but  as  all  the  variations  were  excedingly  small,  and 
"  not  clearly  traceable  to  the  electric  light  current  in  any  par- 
"  ticular  circuit,  I  am  hardly  in  a  position  to  suggest  an  alteration 
**  in  the  electric  light  installation. 

"  The  captain  was  good  enough  to  show  me  some  deviation 
**  cards  obtained  during  the  run  from  Greenock,  which  seemed  to 
**  indicate  that  the  greatest  error  was  caused  when  the  ship  was 
"  running  on  a  southerly  course. 

"  The  difference  in  the  positions  1  and  10  seems  to  indicate 
"  that  the  '  permanent '  magnetism  of  the  ship  has  not  yet 
"  assumed  its  permanent  value ;  and,  under  the  circumstances, 
**  observations  during  day  time  with  the  lights  on  and  off  will  be 
^^  an  efficient  safeguard  against  errors  of  the  compass,  especially 
**  as  the  effect  on  the  standard  compass  is  really  insignificant." 

I  may  say  that  as  long  ago  as  1879  we  made  an  experiment  by 
putting  a  dynamo  on  the  deck  of  our  cable-ship  and  running  iLj^ 
as  a  motor,  and  we  found  that  if  it  was  close  to  the  bridge  it  haa 


57G  SECURITY  AGAINST  DISTURBANCE,  Etc.         [May  23rd, 

Ur.  a  strong  influence  on  the  compass  ;  then  we  moved  it  more  and 

more  away,  and  at  a  distance  of  50  feet  from  the  compass  we 
found  there  was  no  effect  whatever. 

I  wanted  to  call  your  particular  attention  to  the  statement 
made  by  Captain  Creak,  that  with  the  "  Polyphemus,"  which  is  the 
only  ship  in  the  English  navy  fitted  on  the  single-wire  system, 
there  has  been  hardly  any  complaint  about  trouble  with  the 
wires,  whereas  there  have  been  several  cases  of  disturbances— 
apart  from  compass  disturbances  I  mean — on  the  other  ships 
which  are  fitted  on  the  double- wire  system. 

v^^^  Professor  George  P'grbes  :  I  desire  to  draw  attention  to  the 

fact,  that  the  compasses  were  partially  screened  from  the  dynamos 
by  a  2^  inch  iron  deck ;  that  the  dynamos  were,  in  fact,  actually 
in  an  ironclad  chamber.  On  examination  of  the  dynamos,  the 
polarity  which  caused  trouble  seemed  to  come  from  imperfect 
joints  in  the  yokes  of  the  magnets,  and  I  consider  that  the 
same  type  of  machine  could  now  be  made  more  satisfactorily,  so 
far  as  deviation  of  the  compass  is  concerned. 

jlmSon  Professor  A.  Jamieson  :  Mr.  President  and  gentlemen,  shortly 

after  the  appearance  of  Mr.  Bottomley's  letter  in  the  Nautical 
MagazmCy  I  spoke  to  him  of  the  case  of  the  s.s.  "Bombay," 
which  was  being  fitted  with  the  electric  light  on  **  the  single- 
"  wire  system,"  under  my  inspection.  He  cautioned  me  against 
the  probability  of  the  current  affecting  the  compasses,  and  kindly 
arranged  that,  when  the  ship  was  being  swung  for  the  adjustment 
of  compasses,  I  should  have  every  opportunity  of  observing  the 
results  produced  by  turning  on  and  off  the  lights,  as  described 
by  Sir  William  Thomson  in  his  paper.  The  results  were  that 
the  steering  compass  deviated  about  9^,  and  the  standard  compass 
(Sir  William  Thomson's)  about  li°,  in  the  i^osition  most  affected 
by  the  electric  light  current. 

The  President  :   The   engine   running   all    tiie   time  ?— the 
circuit  through  the  field  magnets  being  continued  all  the  time? 
Professor  A.   Jamieson  :    Yes  ;    and   when  the  lights  were 
switched  off,  the  compasses  came  back  to  their  natural  positions. 
The  President  :  Was  that  due  to  the  field  or  to  the  electric 

_  ^ight  currents  ?  ""  ^' 
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Professor  A.   Jamieson  :   It  was   due   to  the   electric  light  ProfeBsor 

^       Jamieson. 

current  alone. 

The  President  :  The  field  magnets  having  been  kept  on  all 
the  time  ? 

Professor  A.  Jamieson  :  Yes.  By-the-bye,  the  steering  com- 
pass was  only  about  4  or  5  feet  away  from  the  current-carrying 
wire,  which,  if  I  remember  rightly,  had  some  25  amperes  passing 
through  it  when  all  the  lamps  were  on  that  circuit,  whilst  the 
Thomson  compass  was  about  12  or  14  feet  away  from  it.  If  I 
remember  correctly,  double  wires  (+  and  — )  were  run  close 
together  for  that  part  of  the  circuit  close  to  the  compasses,  and 
the  evil  effect  was  almost  nullified,  at  least  it  was  imperceptible 
on  the  standard  compass,  and  so  little  on  the  steering  one  that, 
the  captain  said  it  was  not  worth  minding. 

I  have  not  met  with  any  serious  compass  errors  due  to  the 
magnetic  field  of  dynamos  alone,  the  fact  being  that  the  dynamos 
which  I  have  had  to  do  with  were  always  placed  low  down  in  the 
engine-room,  and  consequently  in  a  position  far  removed  from     • 
the  compasses. 

Sir.    J.    S.    Eaworth  :    I  should    like  to    corroborate   what  Mr. 

Raworth 

Mr.  Alexander  Siemens  said  as  to  the  practical  result  of  wiring 
ships  on  the  single-wire  system,  having  been  associated  with  it 
from  the  commencement.  I  may  say  that  in  the  early  days, 
when  the  first  ships  were  fitted  up,  captains  and  owners  were  very 
much  more  particular  than  they  are  now.  They  are  becoming 
quite  used  to  the  electric  light,  and  perhaps  they  are  not  so  much 
on  the  look-out  for  defects  as  they  were  in  the  first  electric-lighted 
ships ;  and,  except  in  the  one  instance  which  Mr.  Siemens  has 
mentioned,  I  have  never  heard  of  a  single  case  where  any  ship's 
compasses  were  affected.  The  one  which  he  has  mentioned  is  one 
that  I  was  also  connected  with.  It  was  a  very  remarkable  case, 
and  I  think  I  could  throw  a  little  more  light  upon  that  question 
than  even  Mr.  Siemens  did,  because  I  happen  to  know  exactly 
how  all  the  wires  in  that  ship  were  run.  It  so  happened,  which 
is  a  very  common  thing  on  board  ship,  there  were  two  side- 
passages,  and  these,  when  they  came  to  the  fore  part  of  the  ship, 
converged  in  the  form  of  the  letter  V,  and  formed  one  central 
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Air.  passage,  and  the  main  wires  on  each  side  of  ihe  ship  came  along 

these  two  side  passages,  and  then  turned  towards  each  other, 
towards  the  apex  of  the  V ;  and  I  was  very  much  puzzled  for  a  long 
time  to  find  out  what  was  the  cause,  which  wire  it  was  that 
affected  the  compass,  and  I  found  at  last  that  only  one  wire  was 
affecting  the  compass  in  the  position  in  which  the  ship  was  then 
lying,  and  that  turned  out  to  be  the  wire  which  was  lying  very 
nearly  parallel  with  the  compass  needle.  The  compass  needle 
was  about  half-way  across  the  ship,  and  parallel  with  one  side  of 
the  V :  when  you  turned  on  the  current  on  the  one  side  of  the 
ship  the  compass  needle  went  over  about  1-^°,  and  when  you 
turned  the  current  to  the  other  side  of  the  ship  you  scarcely  got 
any  effect  whatever.  Then  we  put  some  biassing  magnets  to 
throw  the  needle  over  on  the  other  side,  when  the  conditions  were 
exactly  reversed :  the  starboard  wire  affected  the  needle,  and  the 
other  had  no  effect  whatever.  It  so  happens  that  in  this  ship 
there  was  a  concurrence  of  structural  peculiarities,  which  is 
scarcely  ever  met  with  :  a  huge  gap  was  cut  out  of  the  two  iron 
decks,  and  there  was  no  intervening  screen  of  iron  between  the 
conductors  and  the  upper  deck  where  the  compass  was  placed.  It 
was  so  peculiar  and  so  abnormal  that  one  never  expected  to  find  it, 
and  it  was  only  after  close  examination  that  I  discovered  that  such 
was  the  case.  The  steps  I  took  to  rectify  the  mischief  were  these: 
I  took  a  3-inch  wrought-iron  pipe  and  laid  it  on  each  side  of  the 
ship  along  this  V -piece,  and  for  a  short  distance  beyond  theV 
both  fore  and  aft ;  and  the  effect  of  these  pieces  of  wrought-iron 
tube  was  to  so  far  cure  the  evil  that  the  ship-owners  said  that 
there  was  no  error  left  which  was  worth  taking  any  notice  what- 
ever of.  That  simple  expedient  was  sufficient,  not  quite  to  cnie 
it,— ^for  I  am  quite  willing  to  confess  that  there  was  just  a  trace 
lefl, — but  it  was  so  far  cured  as  to  certainly  leave  only  one-half « 
degree  deflection,  and  the  owners  said  there  was  no  necessity  to 
give  any  further  attention  to  it.  That  case  and  the  one  men- 
tioned by  Mr.  Siemens  are,  so  far  as  I  know,  the  only  instances 
we  have  had  in  fitting  up  passenger  steam-ships  on  the  single- 
wire  system.  ^^  i 
•trdew.            Major  p.  Cardew,  E.E. :  I  should  like  to  refer  to  the  question 
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•of  usihg  an  electric  lamp  to  light  the  binnacle.  I  have  had  ex-  ^r 
perience  of  trying  that,  and  perhaps  it  might  be  worth  just 
mentioning.  One  night  I  had  put  a  few  accumulators  on  board  a 
little  yacht :  my  friends  were  very  anxious  to  try  an  electric  lamp 
in  the  binnacle,  because  in  a  small  yacht  the  binnacle-lamps  are 
a  great  nuisance,  and  so  we  rigged  up  a  little  lamp,  and  I  care- 
fully twisted  the  wires  together,  for  of  course  I  thought  of  the 
<M>mpas8,  and  the  lamp  was  placed  just  above  it.  I  never  thought 
of  the  filament  of  the  lamp,  it  quite  escaped  my  notice — ^I  mean 
the  effect  of  the  current  in  the  filament  of  the  lamp  itself.  It 
was  my  first  watch  below.  I  took  them  out  of  Dover  Harbour 
and  then  turned  in;  they  were  working  away  with  a  head  wind, 
and  were  tacking  about  in  the  Gull  passage  and  taking  observa- 
tions of  the  electric  lamp,  more  with  the  view  of  testing  how  the 
compass  worked  than  anything  else.  I  was  not  asleep,  and  could 
hear  much  talking  as  to  why,  when  a  tack  was  made,  there  was  a 
terrible  difference  with  the  compass.  It  flashed  across  my  mind 
what  it  was  ;  I  went  on  deck,  turned  the  lamp  out,  and  they  had 
to  resort  to  oil  again. 

The  President  :  With  reference  to  Maior  Cardew's  very  im-sirwniiam 
portant  remark,  that  precaution  must  be  used  in  attempting 
to  light  compasses  by  an  electric  lamp,  I  may  say  that  it  is  easy 
to  shape  the  filament  so  that  its  magnetic  moment,  with  the 
current  through  it,  shall  be  insufficient  to  produce  any  sensible 
disturbance  on  the  compass,  however  the  lamp  is  placed  out- 
side the  bowl,  for  convenience  of  lighting ;  and  this  with  a  lamp 
iunply  powerful  enough  to  light  the  compass.  I  do  not  know 
what  was  the  candle-power  of  the  lamp  referred  to  by  Major 
Cardew. 

Major  Cardew,  R.E.:  It  was  a  low  candle-power  lamp,  with 
the  filament  just  above  the  compass,  and  on  the  course  we  were 
steering  the  straight  portion  of  the  loop  certainly  affected  the 
magnet. 

The  President  :  Was  it  a  16  c.p.  lamp  ? 

Major  Cardew,  R.E. :  Oh  no ;  it  was  about  a  5-volt  5-candle 
lamp.  It  was  a  very  small  binnacle,  and  we  had  it  pretty  near,  so 
as  to  give  a  good  light,  but  it  distinctly  did  affect  the  compass.^ 
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Sir  William         The  PRESIDENT :   The  proper  arrani;emeDt  of  filament  for  a 

Thomson.  *^      *  ° 

binnacle-lamp  is  to  shape  it  like  a  hair-pin,  with  its  two  sides 
not  more  than  half  a  centimetre  or  a  centimetre  apart.  Suppose, 
for  example,  a  50-volt  6-candle  lamp  (which  is  a  more  than  amply 
sufficient  light  to  steer  by),  the  filament  would  be  about  6  centi- 
metres long,  giving  area  3  square  centimetres,  and  magnetic 
moment,  when  excited  by  f  of  an  ampere  through  it,  '2  c.  g.  k 
The  maximum  magnetic  force  of  this  at  a  distance  of  10  cm. 
(and  it  could  hardly  be  placed  nearer,  even  for  the  smallest  yacht 
compass!)  is  2  x  -2  x  10~',  or  1/2500,  which  could  not  disturb  the 
compass  by  more  than  about  a  tenth  of  a  degree  in  these  latitudes. 

Professor  G.  Forbes  :  Might  I  ask.  Sir  William,  whether  it  is 
quite  certain  that  an  alternating  current  may  not  demagnetise 
a  compass  to  a  partial  extent  ? 

The  President  :  It  is,  I  think,  quite  certain  that,  with  any 
practical  arrangement  of  the  wiring,  it  cannot.  Regarding  the 
magnitude  of  the  disturbance  produced  by  the  one-wire  system 
with  direct  current,  I  may  say  that,  although  Mr.  Bottomle/s 
illustration  was  a  rough  and  ready  example  of  an  extreme  case, 
you  have  only  to  vary  the  figures.  Take  150  amperes  instead  of 
100  amperes,  or  take  60  amperes  instead  of  100  amperes,  and 
take  20  feet  instead  of  30  feet ;  vary  it  about,  and  instead  of  an 
infinitely  long  wire,  which  is  convenient  for  calculation,  take  any 
actual  length  of  wire  concerned  in  any  particular  case,  and  the 
well-known  formulas  will  show  you  that  the  effect  on  the  compass 
is  practically  very  considerable.  But  I  must  say  that  theoretical 
calculations  of  this  kind  are  mere  examples  of  what  are 
possibilities.  If  the  calculation  of  such  an  example  as  that 
shown  in  Mr.  Bottomle/s  calculation  gave  only  2**  or  1°  for  the 
greatest  possible  disturbance,  then  we  might  rest  contented  that 
in  no  practical  circumstance  would  it  be  very  serious.  All  we 
can  do  by  theoretical  examples  of  that  kind  is  to  let  us  know 
before  we  go  into  iron  and  steel  and  compasses  and  ships,  before 
we  go  out  of  the  laboratory  or  the  workshop — to  let  us  know  what 
can  be  expected  as  a  possible  disturbance.  If  we  know  that  the 
greatest  possible  disturbance  is  insensible,  we  may  be  satisfied; 
but  if  we  know  that  the  disturbance  can  be  considerable,  then 
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experience  alone  can  tell  us  whether  we  may  neglect  the  thing  5i5omi!on^* 
ill  any  particular  case,  or  agree  to  neglect  it  in  general,  or  not. 
Now  I  must  say,  as  a  practical  matter,  that  in  the  first  place  it 
is  better  to  avoid  a  disease  altogether  than  to  let  a  disease  be 
produced  and  then  to  find  a  remedy  for  it;  and  in  the  next 
place  I  would  say,  with  reference  to  proposed  remedies,  the 
doctor's  bill  for  curing  the  disease  is  liable  to  be  much  more 
expensive  than  adopting  the  arrangement  in  the  beginning  by 
which  the  disease  can  be  prevented,  and  the  cure  is  easerUiaUy 
imperfect  at  best,  after  all  that  can  be  done  short  of  almost 
coonplete  re-nvi/ring. 

By  a  troublesome  and  expensive  shunting  or  doubling  of  wires 
in  a  part  of  the  ship,  you  may  annul  the  disturbance  on  one 
particular  compass,  but  then  there  is  another  compass  and  anothei' 
compass,  all  three  incessantly  used  in  the  navigation  of  the  ship. 
It  is  practically  not  possible  to  arrange  the  mains  on  the  1-wire 
system  so  that  there  is  no  sensible  error  on  one  or  other  of  the 
compasses.  Mr.  Siemens  referred  to  an  error  of  IJ®.  I  do  not 
wish  to  complain  too  much  of  1  J°,  but  still  I  think  every  sailor 
will  agree  that  I  am  right  in  saying  that  you  had  better  not  have 
1^°  error  if  you  can  avoid  it ;  and  any  arrangement  of  wiring 
that  could  produce  an  error  of  3*^  or  more  is  not  to  be  tolerated. 

Mr.  Alexander  Siemens  :  I  think  you  ought  to  take  into  full 
consideration  that  that  is  the  only  case,  out  of  hundreds  of  ships, 
where  any  compass  in  any  position  of  the  ship  was  affected. 

Captain  Creak  :  May  I  ask  Mr.  Siemens  if  he  remembers  the 
P.  and  0.  ship  "  Oceana  "  ?  Her  steering  compass  was  afifected 
to  the  extent  of  something  like  8°. 

Mr.  Alexander  Siemens:  You  can  easily  arrange  the  wires 
badly,  of  course. 

The  President  :  I  am  perfectly  aware  that  there  are  many 
cases  in  ships  at  present  at  sea,  such  as  the  last  referred  to  by 
Captain  Creak.  I  did  not  care  to  mention  the  names  of  ships  or 
Companies,  but  I  know  many  cases  in  which  there  are  errors  of 
3*^,  4°,  and  5°,  undoubtedly  due  to  the  electric  lighting.  Now  I 
would  remark  that  it  is  not  at  all  satisfactory  to  have  a  changina 
error  in  the  steering  compass,  although  the  standard   compai^ 
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mrwmiimi  may  be  unaflFected.  The  ship  is  steered  by  the  steering  compass. 
An  officer  in  another  part  of  the  ship  looks  frequently  at  the 
standard  compass,  and  if  he  finds  the  course  of  the  ship  is  wrong 
he  passes  an  order  or  a  caution  to  the  steersman;  but  it  is 
exceedingly  inconvenient  if  the  officer  in  command,  having  known 
that  his  steering  compass  was  all  right  at  a  certain  time,  should  at 
some  uncertain  time — ^when  the  saloon  is  lighted  up  for  No.  2 
passengers'  dinner,  for  example ! — find  the  ship  off  her  course  2^. 
He  does  not  know  whether  it  is  careless  steering  or  an  error  in 
the  compass,  and  it  may  take  ten  minutes  to  find  out  which  it  is 
that  has  caused  the  ship  to  go  off  2^.  That  is  an  intolerable 
state  of  things.  Anything  that  introduces  errors  at  all  adds  to 
the  complication,  great  enough  and  perplexing  enough  as  it  is 
that  already  exists,  whether  with  the  officers,  the  watch,  or  the 
men  steering,  and  should  if  possible  be  avoided ;  and  if  the 
electric  lighting  of  the  ship  could  not  be  done  otherwise  than  by 
methods  which  introduce  errors  of  from  2^  to  5^  at  uncertain 
times  in  different  parts  of  the  ship,  it  would  be  a  serious  question 
whether  the  electric  lighting  should  not  be  given  up  altogether, 
or  the  captain  and  officers  of  the  ship  sliould  make  up  their  minds 
to  pay  careful  attention  to  it  and  look  out  for  the  changes.  To 
depend  upon  the  steward  sending  a  message  that  he  is  going  to 
light  up  a  cabin  or  part  of  the  ship  would  be  a  very  inconvenient 
state  of  things. 

It  seems  to  me  that  if  the  one-wire  system  is  to  be  used  at 
all,  it  ought  to  be  obligatory  to  use  only  alternate  current  with 
it.  If  direct  currents  are  used,  the  two-wire  system  alone  ought 
to  be  admitted  on  board  ship.  Electricians  must  not  suppofi® 
that  if  sailors  do  not  complain  there  is  nothing  to  complain  of. 
In  the  first  place,  sailors  do  not  always  know  that  they  have 
suffered  from  the  error.  Many  a  man  has  been  steering  for 
several  hours,  and  has  never  imagined  that  his  compass  had  been 
disturbed  owing  to  the  lighting  of  the  ship.  Even  a  thoroughly 
•  careful  man  may  not  have  discovered  that  it  was  the  lighting 
that  had  caused  some  disturbance  which  he  may  have  noticed  in 
his  reckoning.  ^  , 

I  have  occupied  your  time  too  long,  but  I^woula  just^  i° 
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•conclusion)  beg  the  Institution  to  consider,  as  far  as  the  influence  IhomSo?™ 
of  its  members  is  concerned  (and  I  hope  my  friends  will  forgive 
me  for  being  so  urgent),  whether  it. would  not  be  better  to  adopt 
the  two-wire  system  universally  in  ship  lighting.   , 

On  the  motion  of  Mr,  Sfagnoletti,  seconded  by  Mr.  Preece, 
a  hearty  vote  of  thanks,  was  unanimously  accorded  to  the 
President  for  his  communication.    . 

Mr.  W.  M.  MoBDEY :  As  I  am  afraid,  Sir  William,  that  I  may 
not  get  through  the  whole  of  my  paper,  I  should  like,  in  the  first 
place,  to  express  my  thanks  to  the  Brush  Corporation  for  very 
kindly  sending  over  the  apparatus  and  the  diagrams  that  are 
before  you.  I  should  also  like  to  say  how  much  obliged  I  am  to 
my  brother  officials  at  the  Brush  Corporation  for  all  the  assistance 
they  have  given  me. 

I  propose,  with  your  permission,  to  read  the  first  portion  of 
the  paper,  and  then  to  condense  the  remainder,  and  miss  several 
.sections  out  altogether.  I  would  therefore  ask  those  gentlemen 
who  do  me  the  honour  of  discussing  the  paper,  that  they  should 
read  the  sections  that  are  missed  out,  before  making  their 
remarks. 

The  following  paper  was  then  read : — 

ALTERNATE  CUEEENT  WOEKING. 

By  W.  M.  Mordey. 

I  wish  to  state  at  the  conmiencement  that  this  paper  is  not 
intended  as  a  contribution  to  the  comparison  of  the  relative  merits 
of  alternate-current  working  and  of  any  system  of  direct-current 
supply^  The  discussion  of  this  question  has  already  taken  place^ 
and  those  who  took  the  A.C.  side  have  no  reason  to  be  dis- 
satisfied with  the  result.  It  may,  however,  be  pointed  out  that 
exclusive  advocacy  of  any  one  particular  method  of  working,  as 
being  the  best  for  all  purposes,  is  not  a  position  that  is  likely  to  be 
taken  by  any  electrical  engineer  who  has  any  extensive  acquaint- 
ance with  the  various  requirements  and  conditions  that  are  metj 
with  in  practice.  ""  ^ 
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WORKINU  ALTEKNATORS  PARALLEL,  AND  BeST  PRINCIPLES  OF 

Construction  for  Alternators. 

This  is  a  matter  of  very  great  scientific  interest,  and  of  still 
greater  practical  importance.  It  is  not  too  much  to  say  that  the 
complete  success  of  the  transformer  system  of  supply  depends 
to  a  great  extent  upon  whether  alternators  can  be  quite  easitj 
and  successfully  worked  parallel.  This  has  been  strongly  insisted 
upon,  especially  by  the  opponents  of  that  system.  The  importance 
attached  to  it  arises  partly  from  the  fact  that  the  most  econo- 
mical method  of  supply  is  that  of  using  always  the  smallest  plaot 
that  will  do  the  work,  and  increasing  or  decreasing  the  number 
of  generating  units  in  operation,  according  to  the  fluctuations 
of  the  demand.  To  do  this  most  conveniently,  the  alternators 
should  be  worked  parallel,  and  ought  to  be  capable  of  being  put 
in  and  out  of  circuit  easily,  and  without  causing  even  a  momentai; 
flicker  or  interruption  of  the  light.  The  use  of  a  large  machine 
and  engine  for  the  small  day  supply  is  especially  to  be  avoided. 
In  almost  all  cases  it  is  desirable  to  have  a  comparatively  small 
set  of  plant  for  this  work,  even  where  large  machines  are  used 
for  the  heavy  evening  work. 

Another  argument  in  favour  of  parallel  working,  as  against 
the  use  of  very  large  machines,  is  that  it  reduces  the  cost  of  the 
spare  plant.  Thus,  if  a  station  is  provided  with  one  or  two 
machines  and  engines  for  the  full  load,  the  spare  plant  is  equal 
in  cost  to  the  working  plant,  or  perhaps  to  one  half  as  much. 
If,  however,  smaller  generating  units  are  employed,  one  set  in 
four  may  be  considered  a  safe  allowance. 

The  history  of  parallel  working  of  alternators  may  be  brieSj 
sketched. 

In  1868  Wilde  described  parallel  working  and  synchronous 
action  of  generators,  and  so  nearly  obtained  synchronous  motor 
action  that  it  is  extraordinary  he  should  have  missed  it.* 

In  1882-3   Dr.  Hopkinson,t  not  knowing  of   Wilde's  wort 

•  «*  On  a  Property  of  the  Mag^to-electrio  Current  to  control  and  rendw 
Synchronous  the  Rotations  of  the  Armatures  of  a  number  of  Electro-magDeti^ 
Induction  »Iachines."— H.  Wilde,  PhU.  Mag.,  Jan.  1869,  PP.^62. 

t  Proc,  Tnst,  C.E,,  1882.3.  "  ^ 
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arrived  theoretically  at  the  conclusion  that  it  was  possible  to 
work  alternators  parallel,  but  not  in  series,  and  subsequently 
demonstrated  the  fact  by  trials  made,  in  conjunction  with  Professor 
Adams,  on  the  De  Meritens  machines  at  the  South  Foreland 
Lighthouse,  which  were  run  parallel  and  as  motors.  This  was 
all  laid  before  this  Society  at  the  time,  and  was  very  fully 
discussed.* 

In  the  course  of  this  discussion  in  1884,  ]\Ir.  Alexander 
Siemens  described  some  experiments  showing  that  the  Siemens 
alternate-current  machine  ran  as  a  motor.f  This  is  interesting  as 
being,  so  far  as  I  know,  the  only  recorded  instance  of  an  alternator 
without  iron  in  the  armature  being  run  as  a  motor.  It  will  be 
remembered  that  the  Wilde  and  De  Meritens  machines  had  iron 
cores.  These  experiments  of  Mr.  Siemens  were  not  very  success- 
ful, the  motor  frequently  stopping  suddenly,  even  when  doing 
very  little  work ;  but  they  were  of  value  for  comparative  purposes. 

Passing  over  the  next  few  years,  we  find  that  the  use  of  alter- 
nators had  become  of  great  importance  on  account  of  the  growth 
and  development  of  the  transformer  method  of  distribution,  and 
that  there  was  and  is  a  certain  amount  of  doubt  and  hesitation 
about  working  parallel.  It  is  recognised  that  it  has  been  and 
can  be  accomplished,  but  that  the  arrangement  is  not  one  to  be 
thoroughly  and  completely  depended  ujwn  in  every  case.  And 
there  is  sufficient  justification  for  tliis  doubtfulness.  The  present 
opinion  may  be  fairly  stated  as  follows : — Alternators  may  be 
successfully  run  in  parallel  if  they  have  a  good  deal  of  self- 
induction,  and  to  secure  this  it  is  bettor  that  they  should  have 
iron-cored  armatures. 

In  his  recent  paper  on  "  Alternate  Current  Machinery,"  before 
the  Institute  of  Civil  Engineers,^  Mr.  Kapp  dealt  at  ^considerable 
length  with  this  part  of  the  subject,  and  his  views,  I  need  not 
say,  may  be  accepted  as  quite  correctly  representing  the  current 
state  of  knowledge  and  opinion.  Referring  to  alternators  that 
have  seK-induction  negligible,  Mr.  Kapp  says : — "  Machines  of 


•  Journal,  xiii.  (1884),  pp.  496-559. 

t  Journal,  xiii.,  p.  625.  Digitized  by  GoOqIc 

t  Free.  Inst.  C.  fc\,  Feb.  1>89. 
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"  this  type  can  only  be  run  in  parallel  if  the  strength  of  their 
<<  field  is  adjusted  with  almost  mathematical  precision,  and  as  this 
^^  would  require  more  skill  and  attention  than  is  available  with  the 
'^  ordinary  staff  of  a  central  station,  such  machines  are  practically 
"  unfit  for  parallel  working.  To  make  them  fit  for  this  method  of 
^^  working,  either  the  armature  resistance  or  the  self-induction 
"  must  be  increased.  An  increase  of  resistance  in  order  to  be 
^^  effective,  would  have  to  be  so  considerable  as.  to  serionslj 
'*  prejudice  the  electrical  eflSciency  of  the  machine,  and  this 
"  expedient  may  therefore  be  dismissed  as  impracticable.  The 
'^  other  plan  of  increasing  the  self-induction  is  not  open  to  the 
"  same  objection.  It  has  the  effect  of  lowering  the  plant  effi- 
"  ciency,  but  its  influence  upon  the  electrical  effloiency  is  only 
^^  indirect,  and  so  small  that  it  may  be  neglected.  From  the  fore- 
"  going,  it  will  be  readily  seen  that  the  only  and  sufficient  condi- 
^'  tion  for  successful  parallel  working  is  a  sensible  amount  of  self- 
"  induction  in  the  armature  circuit.  If  the  armature  itself  does 
'^  not  possess  the  quality  in  a  sufficient  degree,  a  choking  coil  of 
"  suitable  self-induction  must  be  inserted  into  the  circuit  of  each 
"  machine.  The  results  here  arrived  at,  by  a  mere  theoretical 
"  investigation,  are  entirely  borne  out  in  practice.  It  is  weO 
^^  known  that  alternators  having  no  iron  in  their  armatures  cannot 
"  be  run  in  parallel,  except  by  the  adoption  of  some  such 
^^  expedient  as  choking  coils;  also  that  parallel  running  is  feasible- 
''  with  those  alternators  which  have  iron-cored  armatures,  and 
"  then  with  different  degrees  of  security." 

Now  this  is  a  very  serious  state  of  affairs,  for  it  really  means^ 
if  true,  that  the  only  machines  suitable  for  central  station  supply 
are  those  that,  on  account  of  their  high  self-induction  and 
resistance,  are  bad  regulators  that  will  not  bear  any  considerable 
change  of  load  without  varying  a  good  deal  in  E.M.F.,  and  that 
are  wasteful  on  open  circuit. 

For  my  part,  I  have  seen  enough  of  the  use  of  iron  in  arma- 
tures to  wish  to  do  without  it  if  I  can,  and  I  have  repeatedly 
jwinted  out  that,  if  iron  is  really  necessary,  the  armature  is  the 
very  worst  place  to  put  it.  For  the  purpose  of  increasing  the 
self-induction  it  can  be  much  better  used  outside  of  the  machine, 
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and  put  in  some  plac6  where  it  is  not  subject  to  all  the  losses, 
restrictions,  and  disadvantages  that  necessarily  accompany  its 
employment  in  the  core  of  an  armature.  If  it  is  not  in  the 
armature  it  can  be  entirely  removed  when  not  required  for  the 
purpose  for  which  it  is  thought  to  be  necessary — that  is,  when 
only  one  machine  is  in  usel  To  put  iron  in  an  armature  merely 
to  increase  self-induction  appears  to  show  a  want  of  common 
ingenuity  and  an  absence  of  the  sense  of  proportion. 

But  let  us  examine  the  evidence  on  this  matter,  in  order  to 
see  what  basis  of  fact  there  is  for  the  present  views. 

In  the  first  place,  it  will  be  found  that  the'  use  of  iron 
armatures  is  not  in  all  cases  to  be  relied  on  to  give  successful 
parallel  working.  In  the  discussion  last  year,  Mr.  Gordon,  who 
has  had  very  considerable  experience,  and  who  used  iron  largely 
in  his  machine,  warned  us  in  strong  terms  against  working  in 
parallel.  He  said:*  "We  know  that  iexperiments  have  been 
**  made  by  coupling  a  number  of  small  alternate-current  machines 
^*  together,  and  at  the  South  Foreland  they  were  successful, 
*^  but  that  was  because  they  were  working  on  arc  lamps."  A 
little  elucidation,  perhaps,  is  necessary  here — "  Many  of  us  have 
^^•tried  them,  and  they  will,  on  trial,  work  together,  no  doubt, 
*'but  they  do  not  work  together  till  they  have  run  for  three 
*^  or  four  minutes  ;  they  will  in  that  time  jump,  and  that  jump- 
*^  ing  will  take  months  of  life  out  of  the  40,000  lamps.  That 
**  alone  is  rather  a  serious  difficulty  in  coupling  machines 
**  together,  and  I  think  we  may  take  it  in  practice — I  am  not 
**  speaking  about  the  laboratory  or  experiments — we  do  not 
**  a  couple  machines." 

The  Zipemowski  alternator  will,  however,  work  parallel,  but 
apparently  not  very  well ;  to  get  it  to  do  so  the  periodicity  has 
liad  to  be  reduced  to  42,  as  we  now  know.f 

Further,  I  have  recently  seen  a  communication  from  the 
highly  experienced  makers  of  a  well-known  alternator  in  which 
iron  is  used,  stating  that,  if  it  is  desired  to  run  parallel,  the 
machines,   engines,  and  arrangements   must  be   in   every   way 

*  Jowmdl,  xvii.,  pp.  195-6,  Feb.  1888.       Digitized  by  GoOqIc 
t  See  under  "  Periodicity,"  p.  599. 
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identical :  the  impression  conveyed  being  that  with  this  machine 
the  greatest  care  is  necessary  to  ensure  a  successful  result. 

Then,  again,  the  large  experience  of  the  Westinghouse 
Company  in  the  United  States  has  shown  that  their  iron-cored 
alternators  will  work  in  parallel  under  some  conditions.  We  are 
told  that,  with  these  machines,  "  parallel  coupling  always  succeeds 
"  when  they  are  loaded  to  about  half  their  maximum  output  or 
"  over,  but  that  machines  working  under  a  less  load  cannot  with 
"  certainty  be  so  coupled." 

But  the  other  day  Professor  Forbes  described*  successful 
imrallel  working  with  the  iron-cored  Lowrie-Parker  alternators 
at  West  Brompton,  even  with  very  light  loads. 

Thus  it  will  be  seen  that  we  have  evidence  ranging  from 
complete  failure  to  complete  success  with  iron- cored  machines. 

It  is  proved,  then,  that  the  presence  of  iron  is  not  alone 
sufficient  to  ensure  success,  for  the  use  of  iron  is  associated 
equally  with  failure  and  with  success. 

That  the  success  attained  is  complete  only  as  regards  the  fact 
of  synchronism,  is  shown  by  the  following  extract  from  Professor 
Forbes'  remarks  in  the  discussion  on  Mr.  Kapp's  paper,  which  I 
quote  at  some  length,  because  Professor  Forbes  has  taken  every 
opportunity  of  ascertaining,  by  personal  observation,  what  is  being 
(lone,  and  because  he  gives  us  what  is  alone  of  much  service  at 
the  present  stage,  viz.,  the  independent  record  of  actual  facts,  and 
tells  us  clearly  what  the  real  difficulties  are. 

The  passage  isf :  — 

"The  question  of  parallel  woiking  wivs  on«  >vhi<h  luul  Injen  very  much  di** 
•' cll.s^•o(l  n.s  to  whether  it  was  desirable  or  possible.  .  .  .  It  was  always  possible,  *^ 
*•  Mr.  Kapp  Siiid.  with  machines  which  had  a  very  high  self-induction — machines  in 
•  •  which  the  armature  had  a  great  mass  of  iron  in  it  At  the  same  time,  the  introdacticv 
••  of  that  self-induction  into  a  machine  reduced  what  Mr.  Kapp  called  the  pUnt 
••  efficiency  of  the  dynamo-machine ;  and  if  they  could  work  out.  as  he  beliere*1 
"  engiiiorrs  would  work  out,  some  better  mean.s  of  making  machines  work  in  parallel 
••  it  would  be  veiy  desirable.  Another  reaiion  why  the  heavy  self-induction  wasir 
"  jurious.  was  that  it  required  .such  continued  attention  on  the  part  of  those  in  tbr 
"Station  to  see  that  the  pre-surc  was  maintained  constant.     The  electrical  pressmt 

*  Board  of  Trade  Euquirj-.     Apni)|gitfe^i|^GoOQlc 

t  /V/«\  ///s/    C.E.,  Vch.  ID,  18S0.  ^ 


1889.]  ALTEBNATE  OUERENT  WORKING.  589 

'*  varied  so  much,  that  the  quautity  of  current  being  developed,  as  shown  by  the  table 
**  of  curves,  fig.  11,  was  seriously  affected,  and  constant  attention  was  required  to  keep 
**  such  a  machine  regulated  to  the  right  pressure ;  whereas  a  machine  which  had  no 
"  self-induction,  or  very  little^  gave  off  the  same  electric  pressure,  or  nearly  so.  what- 
'*  ever  the  current  might  be,  so  long  as  the  speed  was  maintained  constant.  As  to  the 
'*  possibility  of  working  conveniently  in  parallel  with  those  machines,  he  might  say 
"  that  the  experience  of  America  had  been  completely  against  it,  It  wtis  tliere  found 
•'  that  it  was  possible  to  work  in  jiarallel,  but  that  it  enormously  increased  the  amount 
"  of  skilled  attention  required  in  a  central  station." 

This  is  a  very  strong  condemnation  of  the  present  system  of 
obtaining  synchronism,  and  at  the  end  of  his  "  Central  Stations  " 
paper*  Professor  Forbes  returns  to  the  subject  in  these  words : — 

**I  venture  to  think,  however,  that  the  plan  now  universally  proposed  for 
*•  *  making  machines  work  in  parallel  will  not  long  be  tolerated.  This  is  to  introduce 
*'  into  the  machine  a  large  amount  of  injurious  self-induction,  thus  diminishing  the 
**  plant  efficiency,  and  rendering  the  equalising  of  pressure  with  various  lojidg  very 
•*  difficult." 

Turning  now  from  alternators  with,  to  those  without  iron-cored 
armatures,  we  are  brought  face  to  face  with  the  serious  fact  that, 
in  spite  of  the  many  inconveniences  connected  with  the  use  of 
very  large  machines,  Mr.  Ferranti  is  laying  down  the  Deptford 
station  to  work  with  engines  and  alternators,  each  of  several 
thousands  of  horse-power,  and  is  depending  upon  the  employment 
of  spare  engines  and  machines,  of  corresponding  size,  to  prevent  or 
to  minimise  the  risk  of  wholesale  extinction  of  the  lights.  It  is 
understood  that  one  of  the  principal  reasons  for  doing  this  is  that 
parallel  working  is  not  to  be  relied  on. 

The  next  question  is,  Is  it  clear  that,  in  order  to  be  able  to 
run  them  parallel,  or  as  synchronising  motors  (for  I  need  not  say 
that  the  two  qualities  are  inseparable  and  are  in  fact  identical), 
alternators  should  be  bad  regulators,  should  have  large  self- 
induction,  or  high  resistance,  or  both  ?  I  think  not.  I  have 
mentioned  Mr.  Gordon's  machines,  which  certainly  had  the  first 
of  those  qualities,  but  they  would  not  run  parallel.  Other 
machines  that  I  have  referred  to,  and  whose  parallel  working  is 
not  to  be  depended  upon,  .are  at  any  rate  not  remarkable  for 
absence  of  self-induction. 

VtZ~i     Z^-  in-  Jigitized  by  LjOOQI^ 

VOL.    XVIII.  41 


690  ALTERNATE  CUEEENT  WOEIUNG.  [May2Sid, 

Again,  is  the  absence  of  iron  from  the  armature  cores  alone 
sufficient  to  deprive  a  machine  of  self-induction,  and  to  give  it  a 
straight  characteristic  ?  I  think  not ;  for  I  have  tested  machines 
that  had  no  iron,  but  that  had  a  good  deal  of  resistance,  vei; 
considerable  self-induction,  that  had  very  crooked  characteristics, 
and  yet  that  would  not  run  parallel  under  any  circumstances 
whatever. 

So  we  see  that  neither  a  bent  characteristic,  nor  self-induction, 
nor  resistance,  nor  the  use  of  iron  cores,  nor  even  the  simul- 
taneous possession  of  the  whole  of  these  admirable  features  and 
qualities — that  none  of  these  things  is  the  secret  of  successful 
parallel  working. 

Perha2)S — and  this  is  a  dreadful  reflection — it  is  the  exact 
opposite  of  all  these  ! 

Now  I  am  in  the  unenviable  position  of  being  out  of  accord 
with  the  theories,  the  practice,  the  principles,  and  the  explana- 
tions of  the  very  able  men  who  have  lately  written,  spoken,  and 
worked  on  this  subject.  I  have  no  doubt  that  all  they  have 
said  is  perfectly  correct,  so  far  as  their  difficulties  are  concerned, 
— that  they  have  experienced  considerable  trouble  in  working 
parallel,  and  have  even  in  some  cases  met  with  actual  fiulure. 
But  this  was  i>artly  because  they  have  been  unfortunate  or  unwise 
in  the  apparatus  they  have  used,  and  i^rtly  because  the  prin- 
ciples that  have  been  relied  on  to  ensure  success  have  not  been  in 
all  respects  suited  to  the  case. 

Although  the  conditions  of  the  two  problems  are  not  in  all 
points  similar,  I  very  respectfully  submit  that  we  are  in  danger 
of  repeating  the  old  mistake  that  was  made  regarding  direct*- 
current  motors.  We  were  taught  that  self-induction  in  tke 
armatures  was  good,  and  that  a  special  form  and  special  propor- 
tions should  be  given  to  such  motors ;  and  I  was  very  imorthodox 
when,  in  1886,*  I  asserted  that  self-induction  was  not  a  ^irtue  to 
be  cultivated  in  motors  any  more  than  in  djmamos,  and,  generally, 
that  a  good  motor  was  a  good  dynamo,  and  vice  versa.  However, 
it  is  some  satisfaction  to  know  that  the  views  I  then  expressed 

*  Phil.  Mag,,  Jan.,  1886,  <<  The  Dynamo  as  a  Q«nmlor  imd!  u^  M^r.** 
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liave  received  the  sanction  of  general  practice,  although  I  am 
afraid  that  in  the  eyes  of  Professors  Ayrton  and  Perry  those  views 
remain  as  unorthodox  as  ever. 

Now,  I  am  prepcured  to  take  a  precisely  similar  stand  with 
'regard  to  alternators,  and  to  submit  for  your  criticism  the  view 
that  a  perfect  alternator  for  any  and  every  purpose  should  have 
nfio  resistance  and  no  self-induction. 

I  prefer  to  regard  the  question  of  alternate-current  parallel 
working  as  a  question  very  largely  depending  upon  what  are  the 
best  principles  of  construction  for  synchronising  alternate-current 
motors.  It  is  very  much  better  and  simpler  to  look  at  it  from 
this  point  of  view  than  from  any  other,  and  I  venture  to  assert, 
in  spite  of  all  that  has  been  said  to  the  contrary,  that  if  alternators 
^are  made,  amongst  other  things,  with  the  least  possible  self- 
dnduction  and  the  lowest  practicable  resistance,  they  will  not  only 
he  the  best  alternators,  but  they  will  best  run  parallel,  and  will 
do  so  because  they  will  then  be  the  best  synchronising  motors. 

I  think  that  even  the  advocates  of  large  self-induction  will 
admit  that  that  quality  does  not  improve  an  alternator  per  sCy 
they  only  introduce  and  tolerate  it  on  account  of  its  supposed 
^bearing  on  parallel  working  (I  could  quote  a  number  of  such 
.^missions),  but  it  appears  to  me  that,  properly  regarded,  self- 
induction  is  not  even  a  necessary  evil,  it  is  an  unmitigated  evil. 
It  is  an  evil  even  for  this  narrow  and  restricted  purpose. 

What  does  it  do  ?  When  machines  are  getting  out  of  phase, 
it  steps  in  and  prevents  that  ready  transfer  of  current  which  is 
required  in  order  to  check  the  leading  machine,  and  to  accelerate 
the  lagging  machine.  It  prevents  the  latter  from  immediately 
and  unhesitatingly  developing  those  motor  properties  which  lie 
-at  the  root  of  successful  synchronism.  The  foundation  of  parallel 
working  should  be  that  the  prime  motors  are  under  the  control  of 
the  generators.  The  question  turns,  therefore,  partly  on  the 
^qualities  of  the  prime  motor,  but  much  more  largely  on  the  motor 
.qualities  of  the  alternators. 

I  am  prepared  to  admit  that  if  the  tendency  of  the  prime 
motor  to  lead  or  to  lag  is  so  great  that  under  no  circumstances 
-can  it  be  controlled, — ^and  this  may  arise  either  from  excessive 
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power  on  the  part  of  a  prime  motor,  or  from  defect  of  motor 
power  in  an  alternator, — ^then  large  self-induction  or  resistance 
may  be  of  use  in  order  to  prevent  one  or  more  of  the  machines 
being  burnt  up,  not,  however,  as  useful  and  not  as  effective  as  a 
safety-fuse  ;  but  self-induction  under  such  circumstances  is 
not  an  assistance  to  parallel  working — quite  the  contrary.  If  it 
were  absent,  probably  the  machines  would  run  parallel  ail  right 
They  would  be  much  less  likely  to  be  burnt  up  without  self- 
induction  than  with  it.  Self-induction  is  useful  because  it 
prevents  the  machine  which  ought  not  to  have  it  from  being 
burnt  up  because  it  has  it. 

Now  I  will  briefly  describe  some  experiments  with  two  of 
my  alternators,  each  made  for  2,000  volts  and  each  capable  of 
working  continuously  at  35,000  to 40,000  watts,  or,  say,  50  KH.P. 
output. 

Arrangement. — ^Each  machine  was  driven  by  a  75  LH.P. 
Fowler  engine.  These  engines  were  similar,  their  normal  speed 
of  working  being  120  revolutions  per  minute.  Each  of  the 
engines,  which  were  not  coupled  or  connected  in  any  way,  was 
provided  with  a  heavy  fly-wheel,  and  drove,  besides  an  alter- 
nator, a  heavy  and  wasteful  double  (and  in  one  case  treble) 
set  of  countershafts  provided  with  a  large  number  of  belt*, 
fitted  to  an  arrangement  of  fast-and-loose  pull*»y8  for  coa- 
venience  of  testing  all  sorts  and  conditions  of  dynamos.  I 
mention  this  as  showing  that  the  momentum  in  each  caseiras 
very  considerable. 

In  order  to  make  the  test  as  onerous  as  possible,  the  puUejs 
used  were  such  that  one  engine  had  to  run  at  130  revolutions, 
while  the  other  ran  at  90  revolutions,  when  the  altematois 
were  at  their  normal  speed  of  650  revolutions  per  minute. 

(1.)  The  alternators  were  run  up  to  full  speed,  and  eadi 
excited  to  give  2,000  volts.  When  in  phase  they  were  switched 
parallel  without  any  external  load,  and  without  any  imj^ance 
coils  or  resistance  between  them. 

They  ran  parallel  perfectly. 

(2.)  A  considerable  inductionless  load  was^hen  put  on, 
varied,  and  taken  off.  They  ran  equJiITy^  well  under  all 
circumstances. 
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(3.)  They  were  uncoupled,  and  then,  the  load  bemg  con- 
nected to  the  mains,  they  were  suddenly  and  simultaneously 
switched  parallel  and  on  to  the  mains  with  perfect  success. 

(4.)  One  alternator  was  excited  to  give  1,000  volts,  the 
other  giving  2,000  volts.  They  were  then  switched  parallel, 
and  went  into  step  perfectly,  giving  a  terminal  P.D,  of  about 
1,500  volts.  No  impedance  or  resistance  was  used  in  this  or  in 
any  other  case.  A  load  was  then  put  on  without  affecting  their 
behaviour. 

(5.)  With  one  machine  at  1,000  volts  and  the  other  at  2,000 
volts  they  were  switched  parallel  wlien  out  of  phasCy  and  instantly 
went  into  step.  A  large  current  appeared  to  pass  between  them 
for  a  fraction  of  a  second,  but  not  nearly  long  enough  to  enable  it 
to  be  measured,  or  to  do  any  harm. 

(6.)  They  were  then  left  running  parallel  while  one  was  dis- 
connected from  the  engine,  by  its  belt  being  shifted  from  the 
fiwt  to  the  loose  pulley.  It  continued  to  run  as  a  motor  syn- 
chronously.    A  load  of  lamps  was  at  the  same  time  on  the  circuit 

(7.)  The  two  machines  were  then  uncoupled  and  excited  up 
to  2,000  volts.  They  were  then  switched  parallel  when  out  of 
phase  and  without  any  external  load,  and  went  into  step  instantly. 

(8.)  Whilst  running  as  in  (7),  steam  was  suddenly  and  entirely 
shut  off  one  engine.  The  alternators  kept  in  step  perfectly,  one 
acting  as  a  motor  and  driving  the  large  engine  and  all  the  heavy 
counter-shafting  and  belts.  It  was  impossible  to  tell,  except  by 
the  top  of  the  belt  becoming  tight  instead  of  the  bottom,  which 
machine  was  the  motor. 

To  find  the  power  exerted  by  the  alternator  acting  as  a  motor 
(in  8),  a  direct  current  motor  was  put  in  its  place,  and  the  power 
required  to  drive  the  engine  and  shafting  was  found  to  be  20  H.P. 

It  may  be  pointed  out  that  these  tests  were  made  under 
the  most  exacting  and  onerous  conditions  that  could  possibly  be 
imposed,  and  particularly  I  would  point  out  that  on  account 
of  the  very  great  momentum  of  the  revolving  masses,  nothing 
but  the  strongest  and  most  instantaneous  motor  action  could  have 
kept  the  machines  in  phase.  There  never  was  a  single  case 
when  they  got  out  of  step,  even  momentarily,  or  when  subjected' 
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to  sudden  and  violent  variations  of  load.  When  it  is  considered 
that,  in  order  to  secure  this  result,  it  was  imperative  that  the 
control  of  all  that  mass  should  be  exerted  in  a  fraction  of  ^hrf  of  & 
second  (the  i)eriodicity  being  100),  it  will  be  recognised  that 
there  was  no  time  to  be  lost,  and  that  the  use  of  any  self-induc« 
tion  or  resistance,  or  of  anything  else  that  could  in  any  way 
choke,  retard,  check,  or  interfere  with  the  strength  and  in- 
stantaneity  of  the  action  was  above  all  things  to  be  avoided. 

I  should  mention  that  the  machines  apparently  synchronised 
equally  well  at  speeds  varying  very  considerably. 

As  to  the  self-induction  of  the  machine  itself,  that  is  quite 
negligible.      Its  characteristic  (fig.   1)  is  nearly  straight,  about 
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half  the  drop  in  the  curve  being  due  to  resistance  and  half  to 
self-induction. 

Here  was  a  machine  generally  allowed  to  be  good  when  work- 
ing singly,  but  possessing  all  the  qualities  that  have  been  stated 
as  unfitting  it  for  parallel  work,  tested  under  all  the  conditions 
that  are  recognised  as  most  trying,  even  for  those  types  of  alter- 
nators which  are  universally,  and  I  believe  erroneously,  regarded 
as  best  suited  for  parallel  work,  and  behaving  throughout  in  a 
manner  that  simply  left  nothing  to   be  desired,  and  carryings 
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unimpaired,  into  parallel  work  those  features  which  it  possesses 
when  run  singly. 

I  trust  that  I  have  now  said  enough  to  justify  the  views  I 
have  expressed. 

A  few  particulars  of  this  machine  may  be  of  interest.  It  now 
takes  50O  watts  to  excite  it  at  full  load,  and  rather  less  than  400 
watts  on  open  circuit  with  full  E.M.F.  The  efficiency  when  working 
with  a  light  load  is  very  high.  The  power  required  to  run  at  full 
speed,  with  full  E.M.F.  but  no  external  load,  is  3  H.P.,  of  which 
1*5  H.P.  is  ordinary  mechanical  loss  in  the  bearings,  etc.,  and  1*5 
H.P.  is  electrical  waste  in  the  armature  conductors  and  supports. 
This  is  from  a  most  careful  test,  and  shows  that,  so  far  as  economy 
is  concerned,  with  light  loads  the  machine  does  not  leave  much  to 
be  desired.  This  is  really  of  very  great  importance,  for  the 
expense  connected  with  central  station  working  during  the  long 
hours  of  daylight  may  be  a  serious  item. 

Alternate  Current  Motors. 

The  bearing  of  the  foregoing  on  the  great  and  vital  question 
of  the  construction  of  alternate-current  motors  is  obvious.  Much 
work  has  been  done  of  late  on  this  subject,  and  no  doubt  con- 
siderable success  has  been  met  with,  but  the  use  of  alternators  as 
simple  synchronising  motors  has  not  appeared  to  attract  much 
attention,  probably  because  it  is  not  known  what  excellent  results 
may  be  obtained  in  this  direction,  and  partly  because  of  their 
inability  to  start  from  rest. 

The  experiments  just  described,  and  others  that  I  have  carried 
out,  showed  what  perfect  self-governors  such  motors  are.  Not 
only  do  they  maintain  synchronism,  but  they  possess  an  inherent 
economy  which  is  most  valuable.  Just  enough  current  passes 
through  them  to  keep  them  in  step,  and  to  do  the  work  imposed 
on  them.  They  become  generators,  and  do  work  on  the  circuit,  if 
from  any  cause  there  is  a  tendency  for  them  to  run  faster  than 
the  generator. 

I  have  devised  a  very  simple  means  of  starting  such  motors, 
which  at  a  small  expense  removes  the  only  drawback  to  thei^[^ 
employment.    The  exciter,  which  is  geared  directly  in  some  way 
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with  the  alternator,  is  used,  in  conjunction  with  a  small  accmnn- 
lator,  as  a  direct-current  motor  to  start  the  alternator.  When 
synchronism  is  attained  the  latter  is  simply  switched  into  circuit. 
It  will  be  obvious  that  a  small  battery  capable  of  a  heavy  dis- 
charge for  a  minute  or  two  is  all  that  is  required.  This  is 
recharged  by  the  exciter.  I  need  not  go  into  the  details  of  the 
arrangements.  This  is  perfectly  practical.  I  should  have  no 
hesitation  in  running  these  alternators  in  regular  work  as  motors, 
and  should  expect  to  find  their  "commercial  efficiency"  veiy 
nearly  or  quite  90  per  cent. — about  the  same  efficiency,  whatever 
it  is,  that  they  possess  as  generators.  For  instance,  the  machines 
alluded  to  will  work  as  motors  at  a  useful  output  of  50  H.P.  with 
this  efficiency.  . 

And  here  is  another  advantage  in  getting  alternators 
economical  when  on  open  circuit.  By  doing  so  it  becomes 
possible  to  use  the  very  small  exciter  as  a  direct-current  motor 
to  get  them  up  to  the  synchronising  speed. 

In  many  situations  a  synchronising  A.  C.  motor  will  fulfil  all 
requirements,  and  will  do  so  with  fewer  drawbacks  than  any  other 
kind  of  electric  motor  whatever.  It  will  be  a  better  regulator, 
more  economical,  less  troublesome  to  look  after,  much  safer  to 
handle,  and  (what  is  of  very  great  importance  in  connection  with 
the  transmission  of  large  j>owers  to  a  distance)  the  difficulty  of 
dealing  with  high  pressures,  which  is  so  serious  with  direct- 
current  motors,  is  very  easily  overcome,  for  not  only  will  alterna- 
tors stand  a  higher  tension  in  themselves,  but,  if  necessary, 
transformers  may  be  used  to  reduce  the  pressure  between  mains 

and  motor. 

Periodicity. 

Some  confusion  is  caused  by  the  various  ways  in  which  rates 
of  alternation  are  expressed,  it  being  often  quite  uncertain 
whether  periods  or  half-periods  are  referred  to  when  "  altema- 
"  tions  "  or  "  reversals  "  ai-e  spoken  of.  This  confusion  should  be 
avoided  by  using  the  term  "  period,"  which  has,  I  think,  always 
been  taken  as  expressing  the  complete  cycle,  or  the  changes 
undergone  by  a  simple  rectangle  or  elementary  armature  rotated 
from  zero  through  a  complete  revolution  in  a  simple  magnetic  field. 
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To  save  confusion  I  always  write  it  thus,  /^^ ;  and  I  would  suggest 
that  this  sign  be  used,  unless  a  better  one  be  forthcoming,  and 
that  we  agi-ee  to  speak  of  periods,  instead  of  alternations  or 
reversals,  and  of  periodicity,  instead  of  frequency  or  rates  of 
alternation  or  of  reversal.*  Professor  Silvanus  Thompson  informs 
me  that  formerly  a  somewhat  similar  difficulty  arose  in  regard  to 
sound,  and  that  confusion  was  avoided  in  the  science  of  acoustics 
by  giving  the  word  "vibration"  the  definite  meaning  of  the 
double  motion  which  it  now  possesses,  the  French  tuning-forks 
being  stamped  with  the  letters  "  V.D."  (yiWatian  dovhle)  after  the 
number. 

The  subject  of  periodicity  is  becoming  a  very  imi^ortant  one, 
for  both  commercial  and  scientific  reasons.  It  urgently  demands 
settlement  in  the  interests  of  the  whole  industry.  The  very 
wide  differences  found  in  scientific  opinion  on  this  matter,  and  in 
the  practice  of  the  various  manufacturers,  must  lead,  and  are 
indeed  now  leading,  to  much  confusion  and  inconvenience.  As 
things  stand  at  present,  great  uncertainty  exists  not  only  as  to 
what  rate  is  the  best,  but  whether  transformers,  arc  lamps,  or 
other  apparatus  made  by  one  maker,  for  a  given  E.M.F.  or 
purpose,  can  be  used  on  a  circuit  fed  from  an  alternator  con- 
structed by  another  maker.  It  might  be  suggested  that  some 
joint  action  should  be  taken  by  manufacturers,  and  others  con- 
cerned, in  the  direction  of  securing  uniformity;  but  there  are 
arguments  against  such  a  course,  the  principal  one  being  that 
probably  each  maker  believes  he  has  good  reasons  for  his  own 
practice. 

I  venture  to  think  there  is  no  right  or  wrong  periodicity. 
What  may  be  best  for  one  set  of  conditions,  or  with  one  type 
of  apparatus,  may  not  be  best  for  another.  Or  perhaps  it  would 
be  more  correct  to  say  that  there  is  a  right  periodicity,  and  that 
there  are  right  and  wrong  apparatus ;  but  this  is  rather  a  delicate 
subject. 

The  relative  advantages  of  high  or  low  periodicity  must  be 


*  This  sign  may  be  written  something  like,  but  rather  larger  t] 
algehraic  sign  ( --' )  for  «*  difference.*'  "  "^         ' 
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considered  as  bearing  on  the  five  main  divisions  of  apparatus  used. 
Taking  these  in  their  natural  order,  they  are — 

1.  PriTiie  Motors. 

2.  Alteimators. 

3.  Conductor's. 

4.  Transformers. 

5.  Lampsy&c. 

Each  of  these  divisions  contains  matter  in  relation  to 
periodicity  which  in  the  near  future  will  probably  form  the 
subject  of  many  papers,  as  the  various  subjects  become  better 
understood.  I  am  not  able  to  do  more  than  touch  briefly  on 
each,  in  the  hope  that  my  remarks  may  lead  to  the  expression  of 
the  views  of  others,  and  to  some  approach  to  uniformity. 

1.  Prime  Motors. — At  present  questions  affecting  prime 
motors  do  not  usually  bear  directly  on  the  subject  of  periodicity. 
The  only  exception  is  the  Parsons  steam  turbine,  with  which 
there  seems  to  be  no  great  difficulty  in  using  a  simple  two-pole 
machine,  thus  making  the  number  of  revolutions  and  of  periods 
the  same.  There  may  be  found  some  want  of  flexibility  as 
regards  changes  of  size  or  output  with  such  turbines,  as,  from  the 
nature  of  the  case,  speed  can  only  be  varied  by  very  large 
amounts.  Thus,  for  instance,  if  100  /^\y  are  required,  there  is  no 
choice  except  between  a  two-pole  machine  at  6,000  revolutions 
per  minute  and  a  four-pole  machine  at  3,000  revolutions.  This  is, 
of  course,  on  the  assumption  that  the  alternator  is  driven  direct. 
If  indirect  driving  is  resorted  to,  the  difficulty  is  much  reduced. 
It  is  unlikely,  however,  that  the  bearings  of  a  steam  turbine 
would  work  satisfactorily  except  with  direct  driving. 

2.  Alternators. — It  is  not  allowable  to  doubt  that  the  diver- 
gencies in  periodicity  found  in  practice  are  to  a  great  extent  the 

esult  of  development  and  survival  of  what  has  been  found  to  give 
the  best  results  in  each  case ;  but  from  an  examination  of  the 
machines  in  use  it  is  very  difficult  to  trace  any  common  line  on 
which  action  may  be  supposed  to  have  taken  place.  It  is  true  that 
the  general  tendency  has  been  towards  a  reduction  of  the  periodi- 
city, but  the  causes  which  are  responsible  for  that  tendency  are 
very  obscure.     I  have  seen  large  and  small  machines,  made  at  the- 
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same  time  by  one  maker,  in  which  the  number  of  coils  was  the 
same,  although  one  had  to  run  at  about  2,000  revolutions  a 
minute,  and  the  other  at  less  than  half  that  rate  of  speed.  At 
least  one  of  these  was  wrong.  For  the  purpose  for  which  these 
machines  were  made  the  very  high  periodicity  was  almost  un- 
objectionable in  the  small  machine,  but  in  the  large  ones  it  led  to 
disaster. 

It  is  a  common  mistake  to  suppose  that  high  speed  of  driving,. 
or  high  peripheral  velocity,  are  necessarily  connected  with  high 
periodicity  and  with  large  output.  OF  "Course  %ny  given  machine, 
if  run  at  a  higher  rate  of  speed  than  its  normal  one,  must  have 
a  proportionately  higher  periodicity,  but  will  not  necessarily  be 
capable  of  a  greater  output.  It  is  quite  possible  to  design  a 
highnspeed  machine  to  give  a  low  periodicity,  and  vice  versa. 
Perhaps  the  impression  has  arisen  because  with  most  alternators 
it  is  not  possible  or  desirable  to  place  the  successive  poles  very 
close  together  on  account  of  the  magnetic  leakage. 

For  machines  with  iron  in  the  armatures  it  might  be  expected 
that  the  magnetic  and  electric  losses,  as  well  as  the  very  consider- 
able self-induction  and  consequent  variations  in  the  effective 
potential  difference  with  changes  of  load,  would  lead  to  the 
reduction  of  the  periodicity ;  but  experience  does  not  seem  to- 
have  always  led  to  this  result.  The  lowest  periodicity  (42  with 
the  Zipemowsky  machine^  and  the  highest  (132  with  the  West- 
inghouse  machine)  are  both  found  in  alternators  having  iron 
cores.  What  is  the  reason  of  this  great  diversity  ?  The  machines^ 
have  many  points  of  resemblance,  and  yet  one  is  run  at  more 
t  lian  three  times  the  periodicity  of  the  other.  Not  having  seen 
i  he  American  machine,  I  can  offer  no  opinion  based  on  personal 
observation ;  but  of  the  Austrian  alternator  I  can  say  that,  in 
my  opinion,  it  would  not  be  advisable  to  increase  the  rate. 

In  a  communication  from  Messrs.  Cranz  &  Co.,  published  a  few 
days  ago,*  Mr.  Zipemowsky  says  that  the  low  periodicity  used 
vras  chosen  on  principle  to  enable  them  to  couple  their  dynamos 
parallel.     He  very  cogently  adds,  in  justification  of  this :  "  At 
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"  present  no  practical  electrician  will  hesitate  to  acknowledge  the 
"  coupling  of  dynamos  in  parallel  circuit  to  be  a  vital  question  of 
"  any  parallel  system  of  central-station  distribution." 

This  bears  out  very  completely  my  contention  that  the 
periodicity  is  governed  in  most  cases  by  some  special  feature  of 
the  type  of  apparatus.  Zipemowsky  has  had  to  go  down  to 
42  /-^V/  to  get  his  iron-cored  alternators  to  synchronise,  and  for 
no  other  reason  ;  for  his  statement  is  that  synchronous  action  was 
"  not  a  secondary  result,  but  just  the  end  we  were  aiming  at,'*  and 
he  acknowledges  that  there  are  disadvantages  connected  with 
.this  low  rate  in  other  parts  of  the  system. 

But  Westinghouse  with  133  /"^^  and  Lowrie-Parker  with  80 
— both  having  iron  cores — can  run  parallel,  the  former  with  not 
less  than  half-load,  the  latter,  as  we  now  know,  with  any  Ipad,  and 
I  think  I  could  run  parallel  without  iron  and  at  any  load  and 
periodicity,  so  that  Mr.  Zipemowsky's  only  reason  fails  to  justify 
his  action,  except  as  regards  his  own  particular  apparatus. 

Professor  Forbes  recently  stated  that  the  exhaustive  tests 
made  in  America  with  the  Westinghouse  apparatus  had  shown 
that  there  was  no  reason  for  reducing  the  rate  of  alternation, 
which  is  the  highest  now  in  use.  This  is  very  important,  and  it 
is  to  be  hoiked  that  some  account  will  be  given  of  the  nature  of 
the  trials  and  of  the  results  obtained.  Mr.  Ferranti,  who  at  one 
time  used  very  high  rates,  has  for  some  time  been  using  80  /V 
at  the  Grosvenor  Gallery,  and  has  fixed  68  /^\^  for  the  Deptfori 
machines.  I  shall  not  be  surprised  to  see  him  increase  this 
before  long. 

In  my  own  machine  the  periodicity  is  100,  which,  I  believe, 
is  on  the  whole  the  best  rate  ;  but  if  it  be  required  to  do  so  for 
any  sj^ecial  purpose,  there  would  not  be  much  difficulty  in 
changing  it.  The  pole  faces  can  be  altered  in  number  and  in  siie 
by  merely  altering  the  pattern ;  the  field  winding,  being  in  * 
single  coil,  would  be  equally  simple  and  equally  eflScient  for  anj 
periodicity.  Even  with  a  large  number  of  poles  placed  close 
together,  as  would  be  required  for  a  high  rate,  magnetic  leakage 
would  not  increase.  The  size  of  the  machine  would  not  ^ 
sensibly  affected.     The  armature  would  certainly  be  rather  more 


1889.]  •      ALTERNATE  OUREENT  WORKING.  GOl 

costly  for  a  high  rate,  as  a  greater  number  of  coils  would  be 
required ;  but  the  etSciency,  output,  and  regulating  qualities 
-would  remain  practically  the  same.  Regarding  this  machine, 
I  think  I  may  say  that  periodicity  is  not  a  question  of  the  first 
importance.  As  far  as  I  am  concerned  it  is  other  divisions  of  the 
distributing  apparatus  that  determine  the  rate  at  which  it  is 
desirable  to  work. 

The  bearing  of  the  form  and  arrangement  of  any  alternator  on 
the  best  periodicity  for  that  alternator  is  a  very  close  one.  The 
question  cannot  be  settled  on  general  principles. 

I  have  referred  elsewhere  more  fully  to  the  conditions  as  they 
aflfect  regulation  under  varying  loads,  parallel  working,  and  other 
points  in  connection  with  alternators ;  and,  as  an  appendix  (see 
p.  20),  I  have  quoted  some  observations  made  recently  at  the 
Institution  of  Civil  Engineers  during  the  discussion  on  Mr.  Kapp's 
paper  on  "  Alternate-current  Machinery,"  and  not  yet  published. 

I  now  pass  on  to  the  next  division  of  the  subject. 

3.  Conductors. — The  choice  of  a  suitable  periodicity  depends 
also  to  some  extent  upon  the  conditions  as  they  aflTect  the 
conductors. 

The  effect  of  rapid  alternations  in  virtually  increasing  the 
resistance  of  conductors  has  been  brought  before  us  in  Sir 
William  Thomson's  Presidential  Address,  and  it  becomes  neces- 
sary to  recognise  clearly  what  practical  limitations  are  imposed 
by  this  eflfect. 

My  attention  was  drawn  to  this  matter  two  or  three  years 
ago,  when  I  was  called  upon  to  examine  and  report  upon  an  in- 
stallation of  about  1,000  100-volt  lamps  supplied  directly  by  an 
alternator  working  at  about  150  /V/.  It  was  found  that  there 
was  a  very  serious  drop  of  potential  in  the  conductors,  and,  in 
consequence  of  this,  the  lamps  could  not  be  maintained  at  full 
power.  On  examining  the  circuit  I  found  the  cables  were  of 
ample  size,  and  that  the  loss  could  not  be  explained  in  the  usual 
way.  As  a  result  I  came  to  the  conclusion  that  it  was  to  be 
accounted  for  only  by  some  kind  of  inductional  action,  due  to  the 
alternating  current,  and  I  advised  that  a  direct-current  dynamo 
should  be  put  down  in  place  of  the  alternator.    This  was  done 
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and  with  a  perfectly  satisfactory  result.  The  lamps  were  for  the 
first  time  nin  at  their  proper  power,  and  no  further  trouble  wm 
experienced. 

At  that  time  I  was,  like  most  other  electricians,  a  disbeUever 
in  alternating  currents,  which  I  vaguely  regarded  as  essentially 
unsatisfactory.  I  think  there  was  a  more  substantial  basis  for 
this  opinion  than  is  now  generally  admitted.  Alternating  cur- 
rents as  then  most  often  used  were  not  satisfactory ;  and  if  great 
<!are  is  not  taken  at  the  present  time,  some  of  the  old  difficulties 
will  be  encountered,  with  the  result  of  unnecessarily  discrediting 
the  transformer  system  of  distribution. 

From  Sir  William  Thomson's  Address,  and  from  some  further 
information  he  has  kindly  sent  me,  I  have  worked  out  and  tabu- 
lated some  figures  showing  what  restrictions  are  imposed  by  tbe 
virtual  increase  of  resistance  of  solid  conductors  with  alternating 
currents,  as  bearing  on  the  question  of  periodicity. 

■  Sir  William  Thomson  gives  some  figures  for  a  periodicity  of 
60,  to  which  I  have  added  some  columns  giving  diameter  in 
imches,  sectional  area,  and  the  current  which  the  practicable 
sizes  will  carry,  taken  on  the  basis  of  450  amperes  per  square 
inch,  because  that  density  gives  1  per  cent,  loss  per  ntiU  vith 
2,000  volts.  It  also  gives  about  1  per  ceTU.  loss  per  100  yanfo 
with  100  volts,  or,  more  exactly,  1'15  per  cent.  I  have  also  given 
the  number  of  watts  at  2,000  volts,  and  at  100  volts,  for  each 
size,  to  show  the  limits  for  ordinary  primary  and  secondary 
working  with  this  density.  These  figures  are  given  for  80,  for 
100,  and  for  133  /\^,  the  diameters  of  conductors  for  the  same 
percentage  increase  of  virtual  resistance  over  ohmic  resistance 
being  in  the  inverse  ratio  of  the  square  roots  of  the  periodicities. 


Digitized  by  VjOOQ IC 


1889.] 


ALTERNATE  OUBRENT  WORKING:. 


(m 


Table  L^^Virtual  Besi6tamce,  <fec.,  of  Condmctai's  with 
.     Altemate  Currents. 


Diameter. 

Area. 

Increase  over 
Ordinary 
Resistance. 

Current 

at  460 

amperes 

persq.in. 

Watts  at 
2,000  volts. 

Watts  at 
100  volts. 

second. 

MU. 

Inch. 

•3937 
•5905 

Sq.  nun. 

Sq.m. 

10 
15 

78^54 
176-7 

•122 
•274 

(Less  than) 
24% 

66 
133 

110,000 
266,000 

6,500 
13,300 

S| 

20 

•7874 

314-lG 

•487 

8    % 

220 

440,000 

22,000 

25 

•9842 

490-8 

•760 

17J% 

••• 

... 

... 

/     80 

40 

1-675 

1,266 

195 

68    % 

... 

100 

3-937 

7,854 

1217 

3-8  times 

... 

... 

... 

1,000 

89-87 

786,400 

1,217 

36  times 

... 

... 

[  100 

9 

13-4 

18 

22-4 

•3643 

-5280 
•7086 
-8826 

63-62 

141-3 
254-4 
394 

•098 

-218 
•394 
•611 

(Less  than) 

8    % 
17i% 

46 

98-6 
178 

90,000 

197,000 
866,000 

4,600 

9,860 
17,800 

7-75 

•3013 

47-2 

•071 

J  Less  than) 

t  t4»  %  ; 

32 

64,000 

3,200 

11-61 

15-5 

19-36 

•4670 
•6102 
•7622 

106 
189 
294 

•164 
•292 
•456 

2J% 

8   % 

17  J  % 

74 
131-4 

148,000 
263,000 

7,400 
13,140 

*>  133 

) 

It  will  be  seen  that  for  100  /"V^',  with  wires  of  9  millimetres,  or 
*35  inch  diameter,  the  increase  over  the  ordinary  resistance  is  almost 
imperceptible ;  for  a  diameter  of  13*4  millimetres,  or  *53  inch,  it 
is  only  2^  per  cent. ;  while  what  may  be  considered  a  practical 
limit  is  reached  at  18  millimetres,  or  nearly  f  inch.  At  greater 
diameters  the  increase  is  prohibitive,  and  multiple  conductors, 
tubes,  or  strips  must  be  used.  Probably  an  increase  of  8  or  10 
per  cent,  will  be  considered  quite  permissible.  It  sounds  a  good 
deal,  but  it  must  be  remembered  that  it  is  only  8  or  10  per  cent, 
of  the  1  or  2  per  cent,  loss  for  which  primary  conductors  are 
usually  calculated. 

Looking  at  the  limitations  as  regards  output,  it  may  be  said 
that  for  primary  distribution,  even  at  no  higher  tension  than, 
2,000  volts,  the  virtual  resistance  effect  is,  if  not  quite  unimportant. 
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at  any  rate  not  very  serious.  A  current  of  about  200  amperes 
may  be  conveyed  without  the  effect  showing  itself  to  any  very 
.objectionable  extent.  There  may  bfe  differences  of  opinion  on 
the  subject,  but  most  peojile  will  agree  that  300,000  or  400,000 
watts  is  quite  as  much  as  should  'be  supplied  through  any  single 
conductor.  In  most  cases,  even  at  ordinary  tensions,  subdivision 
of  the  primary  will  be  necessary  or  advisable  before  such  a  powtf 
is  reached.  With  still  higher  pressure,  of  course,  enormous 
powers  can  be  dealt  with  without  exceeding  the  permissible  sia 
of  solid  conductors.  It  is  to  be  observed  that  there  is  nothing,  in 
this  virtual  resistance  effect,  to  necessitate  the  reduction  of 
current  by  the  employment  of  very  high  pressures. 

It  is  only  with  the  low-tension  secondary  conductors  that  this 
effect  becomes  in  any  way  serious.  With  100  volts  the  maximum 
load  at  this  density  that  can  be  put  on  a  single  solid  or  stranded 
conductor  is  about  13,000  watts  for  133  /\yy  18,000  for  100  -Ay, 
and  22,000  watts  for  80  /^s^\  unless  much  more  than  the  8  to  10 
per  ce^nt.  increase  (^an  be  endured.  This  only  means  in  large 
distribution  work  a  subdivision  of  the  primary  and  secondaij 
feeding  points  in  accordance  with  this  limitation.  The  incon- 
venience has  only  to  be  recognised  to  be  avoided.  Fortunately 
it  is  not  one  that  with  ordinary  care  is  likely  to  lead  to  any  prac- 
tical inconvenience.  It  exists  with  alternate  currents,  but  it  is  a 
matter  that  the  transformer  system  renders  it  very  easy  to  avoid. 
Transformers  lend  themselves  to  subdivision  of  work,  and  witli 
subdivision  this  difficulty  does  not  exist. 

It  may  be  worth  noting,  in  connection  with  this  part  of  the 
subject,  that  the  improvement  in  alternators,  and  the  great  ease 
with  which  they  and  their  circuits  can  be  worked  and  controlled, 
may  lead  to  some  revival  of  the  practice  of  supplying  direct  from 
low-tension  alternators.  If  this  is  done  for  any  but  very  small 
installations,  it  is  evident  that  special  precautions  must  be  observed 
to  avoid  the  difficulties  which  have  been  referred  to. 

One  other  remark  on  this  subject.  Very  large  conductors  aie 
to  be  avoided  in  the  transformers  as  well  as  outside  of  them. 
This  is  only  mentioned  on  account  of  its  bearing  on  transformcis 
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for  any  very  low  tension  work,  such  as  electric  jointing  or  welding, 
"where  one  or  two  turns  of  secondary  conductor  is  often  suflScient.* 

4.  TraTisformera. — ^There  appears  to  be  a  general  belief  that  a 
high  periodicity  is  best  for  transformers,  and  that  this  gives  the 
grreatest  output,  or — what  amounts  to  the  same  thing — that  with 
the  same  output  in  the  two  cases  a  higher  efficiency  is  obtained 
when  the  periodicity  is  high  than  when  it  is  low.  This  supposed 
fact  has  often  been  stated. 

Professor  Forbes — who  has,  I  believe,  given  much  attention  to 
the  theory  of  this  very  difficult  subject — contributed  a  paper  last 
year,t  consisting  of  a  mathematical  examination,  which  is  sum- 
marised and  concluded  by  a  statement  that  the  periodicity  may 
be  diminished  without  loss  of  efficiency  if  the  iron  beihcreased  ; 
the   corollaries   being,  of  course,  that   the   periodicity  may   be 


*The  foUowing  particulars  refer  to  conductors  for  primary  circuits 
working  at  2,000  volts,  and  show  the  sizes  for  various  numbers  of  lamps 
giving  a  loss  of  1  per  cent,  per  mile  run. 

Data  for  copper  conductors  working  with  2,000  volts  pressure  at  the 
primary  terminals  of  the  transformers. 

Transformers  taken  at  U5  per  cent,  efficiency. 

To  allow  1  per  cent,  loss  of  pressure  per  mile  of  conductor,  the  primary 
current-density  should  be  450  amperes  per  square  inch. 

Conductor  for  any  given  number  ofGQ-voaU  lamps. 
Sectional  area,  in  square  inches  =  number  of  lamps  x     -(>XX)7 
Weight  per  mile,  in  lbs.  ^  .,  •.       x  1'^-^ 

Resistance  per  mile,  in  ohms      ^  &]0  -r  number  of  lamps. 
The  following  conductors  comply  with  the  above  rule,  and  none  of  them 
in  affected  by  the  virtual  resistance  effect : — 

Tahle  n. 


Niimher 
of  Laiupe. 

B.W.G. 
No. 

Diameter. 

Sectional 
Area. 

Weight  per 

Ilesistance  i>er 
Mile. 

Inch. 

Sq.  inch. 

Lb«. 
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1.3 

•098 

•007088 

144 

63658 

200 

10 

•134 

•014102 

28(; 

3^1890 

:K)0 

8 

•165 

■02138 

433 

21102 

400 

H 

•191 

•028C5 

578 

1-5747 

1,000 

I 

•300 

•07065 

1,433 

0-6401 

t  '*Formuln  for  Converters,"  Joui-mH,  vol.  xvii.,  p.  153,  This  paper  was 
no  doubt  intended  only  as  a  mathematical  investigation.  It  contains  several 
assumptions  that  Professor  Forbes  would  probably  not  rely  upon  in  practice.^  — 
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increased  without  loss  of  efficiency  if  the  iron  be  reduced,  and 
that  ¥dth  any  given  transformer  an  increased  periodicity  results 
in  increased  efficiency  for  the  same  output,  or  in  greater  output 
with  the  same  efficiency. 

Professor  Forbes  confirmed  this  view  recently,  in  the  dis- 
cussion on  a  paper  by  Mr.  Kapp  before  the  Institution  of 
Civil  Engineers,  by  pointing  out  that  one  of  the  reasons  why  in 
America  they  used  a  high  periodicity  was  that  "they  wanted 
"  to  get  the  greatest  output  from  their  plant,  and  transformers 
"  had  to  be  increased  in  size  in  order  to  give  the  same  output  if 
"  they  lowered  the  number  of  alternations."*  And,  in  his  recent 
paper  on  "  Central  Stations  "  before  this  Institution,!  Professor 
Forbes  reiterated  this.  He  states  that  the  contrary  is  **  opposed 
"  aUke  to  experience  and  theory.  Westinghouse  knows  this.  I 
"  am  informed  Mr.  Ferranti  knows  it,  and  Mr.  Zipemowski  has 
"  told  me  that  he  finds  it  so." 

Mr.  Kapp,  who  works  at  80  /V/,  does  not  go  so  far  as 
Professor  Forbes,  for  he  thinks  that  on  account  of  viseous 
hysteresis  there  must  be  a  limit  beyond  which  an  increase 
becomes  disadvantageous.  He  wisely  adds  that  it  is  not  possible 
to  determine  this  limit  on  theoretical  grounds. 

On  the  other  hand,  it  has  been  said  that  it  is  not  necessaiy 
to  increase  the  size  of  transformers  even  for  very  low  periodicities, 
because,  when  the  number  of  cycles  is  small,  it  is  possible  to 
work  at  a  higher  magnetic  density. 

I  venture  to  question  the  accuracy  of  both  these  extreme 
views. 

So  far  as  transformers  are  concerned,  and  speaking  only  from 
experience,  I  think  that  high  and  low  periodicities  are  both 
wrong,  and  that  a  medium  rate  is  right.  For  a  given  output 
and  efficiency,  not  only  must  transformers  be  made  large  for  low 
rates — they  must  also  be  made  large  for  high  rates ;  but 
between  the  two  there  will  be  found  a  periodicity  giving  the 
smallest  size  of  transformer,  or  the  greatest  output,  or  the  highest 
efficiency. 


*  Proc  Inst  C.E.    Febraarr  19,  1889.    ^  GoOqIc 
t  Journal,  x^Tii.,  p.  194  (Feb.  28, 1889).  '^  o 
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Fig.  2  illustrates  this.  It  shows  the  rise  of  temperature 
of  one  of  my  transformers  working  respectively  at  75,  at 
100,  and  at  125  /^\y  per  second.  The  primary  and  secondary 
virtual  potential  differences  were  measurably  the  same  in  all 
three  cases,  and  in  each  case  the  same  load  was  used,  consisting  of 
a  certain  number  of  glow  lamps.    The  test  was  continued  each 
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Fig.  2. 

time  long  enough  for  the  transformer  to  attain  its  maximum 
temperature.  This  was  taken  by  a  sensitive  thermometer 
the  bulb  of  which  was  placed  directly  on  the  iron,  and 
covered  by  a  packing  of  cotton  waste  to  ensure  that,  as  far  as 
possible,  at  least  the  actual  temperature^of  the  iron  should  be 
indicated.    Another  similar  thermometer  was  placed  a  few  feet 
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away  to  show  the  temperature  of  the  room  (which  was  fidrly 
constant  at  about  60°  Fah.). 

The  curves  give  the  actual  increments  of  temperature,  which 
may  be  taken  as  some  sort  of  measure  of  the  relative  efficiency 
attained.  With  any  given  output  the  same  rise  of  temperature 
is,  of  course,  always  obtained  with  the  same  efficiency,  quit«  apart 
from  how  that  efficiency  is  made  up.  It  will  be  observed  that 
the  lowest  temperature  or  the  highest  efficiency  is  obtained  at 
100  /V/;  that  the  efficiency  is  lower  at  125,  and  lowest  at 
75 /vy. 

On  these  lines  I  may  suggest  a  method  of  arriving  at  the 
efficiency  of  transformers,  which,  though  lacking  in  directness,  is 
simple,  and  requires  only  ordinary  appliance's  and  facilities. 

First  run  the  transformer  for  some  time  in  the  usual  way,  od 
incandescence  lamps,  the  output  being  measured.  It  is  not 
necessary  to  make  any  measurements  of  the  primary.  By  means 
of  a  thermometer  find  the  rise  of  temperature  of  the  transformer. 
Then,  when  the  transformer  has  cooled  down,  send  a  con- 
tinuous current  through  it  and  measure  the  power  in  watts  that 
raises  the  temperature  of  the  whole  transformer  the  same  amount 
as  when  working  with  alternate  currents.  This  takes  some  time 
to  carry  out,  but  it  is  accurate,  and  has  the  advantage  that  the 
lost  power  is  measured  in  direct-current  quantities,  about  which 
there  is  no  question ;  while  the  power  expended  in  the  lamps, 
being  in  an  inductionless  circuit,  is  easily  arrived  at  correctly. 
A  wattmeter  is  the  best  instrument  to  use  for  the  direct-current 
readings,  as,  on  account  of  the  rise  of  resistance  of  the  conductor 
(which  is  necessarily  required  to  carry  much  more  than  the  usual 
current),  some  adjustment  is  necessary  in  order  to  keep  the 
power  constant,  and  this  adjustment  is  effected  much  more 
conveniently  with  a  wattmeter  in  circuit  than  if  an  ammeter 
and  a  voltmeter  are  used. 

5.  Lwm/ps^  &c. — Under  this  head  all  apparatus  for  utilising  or 
measuring  alternate  currents  should  be  considered,  so  &r  as  the 
action  is  affected  by  the  periodicity.  I  must,  however,  confine 
myself  to  the  lamps,  which  are  the  most  important,  and  are  the 
only  apparatus  as  to  which  I  can  make  any  definite  statements. 
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The  paper  of  Professors  Ayrton  and  Perry  read  last  year 
before  the  Physical  Society*  showed  that  the  efficiency  of  glow 
lamps  is  the  same  for  both  direct  and  alternating  currents.  The 
authors  of  that  paper  did  not  directly  allude  to  the  question  of 
relative  efficiency  with  different  periodicities,  but  they  evidently 
had  this  point  in  their  minds,  as  the  periodicities  used  in  the 
experiments  appear  to  have  been  varied  from  83  to  226  without 
showing  any  diflference  in  efficiency.  It  may  be  taken,  therefore, 
that  no  diflference  exists.  Probably  for  very  low  periodicities  this 
would  not  hold  good,  but  for  ordinary  rates  the  question  may  be 
considered  settled.  At  very  low  rates  the  temperature  of  the 
filament  would  follow  to  some  extent  the  changes  of  the  current, 
and  would  be  aflfected  both  in  life  and  in  efficiency.  I  suppose 
that  at  ordinary  rates  there  is  no  variation  of  temperature,  the 
filament  acting  as  a  kind  of  thermal  fly-wheel,  maintaining  its 
condition  unchanged  throughout  the  whole  period.  We  all  know, 
for  instance,  that,  especially  with  low-resistance  lamps,  when  the 
current  is  interrupted  the  time  occupied  in  cooling  down  to 
blackness  is  quite  appreciable.  The  periodicity  at  which  the 
temperature  begins  to  follow  the  variations  of  current  is  a  point 
of  some  interest,  and  it  is  one  that  can  be  very  easily  investi- 
gated. 

There  is,  as  far  as  I  am  aware,  no  available  evidence  regard- 
ing the  life  of  lamps  with  dififerent  rates,  or  even  as  to  the 
relative  life  with  direct  and  alternate  currents.  At  one  time  it 
was  considered  that  alternate  currents  would  give  better  results 
than  direct  currents,  because  with  the  latter  there  was  supposed 
to  be  some  transference  of  the  material  of  the  filament  in  the 
direction  of  the  current.  Nothing  has  transpired  to  confirm  or 
to  disprove  this  supposition,  and,  as  the  number  of  lamps 
now  in  use  on  each  system  is  enormous,  the  very  absence  of 
evidence  may  be  taken  as  affording  a  strong  presumption  in 
favour  of  the  belief  that  the  life  of  lamps  is  independent  of 
whether  the  current  is  direct  or  alternating,  and  independent 
also  of  the  periodicity,  within  practical  limits. 

'■ ' :(^itiz6d  by  Google 

♦  Jour.  Phyt.  Soc,  vol.  ix.,  p.  208. 
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Alternate-current  arc  lamps  are  not  seriously  affected  by 
variations  of  periodicity,  within  a  feirly  wide  range.  The  feeding 
current  of  a  parallel  Brush  alternate-current  lamp  remams 
sensibly  constant  between  76  and  126  /^V/,  but  with  the  lower 
rate  a  slightly  higher  impedance  or  resistance  is  required  to 
secure  steadiness  of  the  light. 


Secondary  E.M.F.  of  Transformers. 

The  best  potential  difference  to  be  used  on  transformer 
circuits  has  been  a  good  deal  discussed,  especially  with  reference 
to  the  voltage  of  lamps.  It  is  very  desirable  to  arrive  at 
some  conclusions  on  this  matter,  not  only  as  to  glow  lamps,  but 
as  to  the  general  question. 

The  balance  of  opinion^which  is,  however,  not  very  decisive— 
appears  to  be  in  favour  of  using  50-volt  rather  than  100- 
volt  lamps,  so  far  as  durability  of  the  lamp  is  ooncemed. 
The  stout  low-tension  filament  should  last  longer  than  the  finer 
one  for  high  tension,  because  disintegration  does  not  so  soon 
reduce  the  cross  section  to  the  breaking  point.  It  is,  how- 
ever, not  a  question  only  of  life,  as  the  disintegration  of  the 
thick  filament  causes  blackening  of  the  globe;  and  if  it  can 
be  shown  that  this  blackening,  and  the  consequent  lowering  of 
the  effective  light,  is  more  serious  than  in  100-volt  lamps,  then 
the  advantage  of  slightly  longer  life  vrill  not  of  itself  be  sufficient 
to  recommend  50-volt  lamps  in  preference  to  others  of  higher 
voltage. 

Of  course  the  most  serious  objfection  to  lowering  the  voltage 
is  the  increased  cost  of  the  secondary  conductors.  This  is  not 
important  in  small  and  very  compact  installationB  such  as  can  be 
so  readily  supplied  by  transformers — ^for  instance,  in  small  shops 
and  ordinary  houses,  where  a  separate  transformer  may  be  placed 
within  a  few  yards  of  the  lamps,  and  where  the  fall  of  potential  is 
negligible  ;  but  for  larger  work  it  is  advisable  to  keep  the 
potential  difference  high,  as  with  direct  currents,  and  for  tiie 
additional  reason  that  the  use  of  very  large  alternate  current^ 
with   correspondingly  large   conductors,  is  accompanied  by  the 
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inconveniences  arising  from  the  high  virtual  resistance  already 
alluded  to. 

It  is  impossible,  however,  to  choose  an  E.M.F.  that  will  meet 
all  requirements.  For  instance,  high  candle-power  lamps  are 
coming  largely  into  use,  and  as  this  practice  extends,  higher 
E.3I.F.  will  be  demanded  in  order  to  keep  down  the  diameter  of 
the  "stick." 

But,  on  the  other  hand,  lamps  of  small  candle-power  can  be 
more  easily  made  for  low  than  for  high  voltage ;  and  as  there  is  a 
growing  tendency  to  use  small  candle-power  lamps  which  in 
many  situaticms  give  all  the  light  that  is  required,  this  point 
should  be  kept  in  mind,  especially  as  it  is  very  probable  that 
before  long  a  demand  will  spring  up  for  lamps  of  three  or  four 
candles.  I  know  it  will  be  said  that  it  is  easy  to  reduce  the 
candle-power  of  ordinary  lamps  by  inserting  an  impedance  coil  in 
the  circuit.  This  is  one  of  the  many  conveniences  of  transformer 
working,  but  it  should  not  be  resorted  to  for  permanent  purposes, 
as,  however  little  power  such  a  coil  may  absorb,  lamps  reduced  in 
that  way,  being  worked  at  less  than  their  normal  candle-power, 
are  very  ine£5cient. 

Then  there  is  another  reason  for  sometimes  preferring  50  volts 
to  100  volts,  that  I  should  like  to  mention,  and  that  is  that 
alternate-current  arc  lamps  do  not  require  more  than  50  volts 
terminal  pressure.  It  may  be  expected  that  many  such  lamps 
will  be  used  on  transformers — for  instance,  at  small  business 
places,  where  perhaps  the  bulk  of  the  lighting  will  be  internal  and 
by  incandescence  lamps,  but  where  it  will  be  convenient  to  have 
one  or  two  arcs  outside.  We  know  that  when  arcs  are  used  in 
parallel  with  incandescence  lamps  on  direct-current  circuits  it 
is  necessary,  in  order  to  get  the  best  results,  to  have  12  to  15 
volts  drop  of  pressure  in  a  fixed  resistance  in  series  with  each  arc. 
Thus  has  arisen  the  custom  of  using  65  volts  for  mixed  arc  and 
glow  lamp  circuits,  where  the  potential  difference  at  the  8u:c  lamp 
terminals  is  reduced  to  about  50  volts  by  the  insertion  of  such 
a  resistance,  the  incandescence  lamps,  however,  being  made  to 

work  at  65  volts.  C^r^r^n](> 

niniri7Pri  hw  ViA  )C  )y  Ic 

This  is  a  very  wasteful  arrangement,  but,  apart  from  its  wasW- 
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fulness,  65  volts  is  a  very  inconvenient  pressure  both  ftom  the 
manufacturer's  and  the  consumer's  point  of  view.  It  does  not 
lend  itself  to  combination  as  does  a  pressure  of  50  volts 
dynamos,  lamps,  or  transformers,  for  65  volts  cannot  be  used  in 
pairs  on  l(X)-volt  circuits  as  can  such  apparatus  for  50  volts.  It 
is  an  irregular  and  inconvenient  pressure  that  is  demanded  by  the 
necessities  of  direct  currents,  but  that  I  am  glad  to  be  able  to  say 
need  not  be  imported  into  alternate-current  work. 

This  very  serious  loss  can  be  almost  entirely  avoided  with 
alternate-current  arcs,  as  the  necessarj'  steadying  eflfect  is  readily 
obtained  by  the  use  of  an  impedance  coil,  absorbing  much  less 
power  than  does  a  resistance  ;  and  as  such  arcs  require  only  35  to 
40  volts  between  the  carbons,  instead  of  45  to  50  with  direct 
currents,  it  is  sufficient  to  provide  50  volts  potential  diflferenoe 
between  the  secondary  conductors. 

But  it  may  be  said  that,  as  impedance  coils  absorb  Uttle 
power,  the  arc  lamps  may  be  put  on  100- volt  circuits  in  parallel. 
This  may  be  done  without  much  objection  so  far  as  the  lamp  aad 
impedance  coil  are  concerned,  but  there  is  the  drawback  that  the 
"  plant-efficiency  "  of  the  transformer  will  then  be  low. 

The  outjjut  of  a  transformer  is  limited  partly  by  the  size  of 
tile  conductor.  The  actual  output  of  a  lOO-volJ;  transformer 
supplying  arcs  through  impedance  coils  will  not  be  much  mow 
than  the  product  of  the  current  x  50  volts,  while  for  the  same 
output  in  watts  on  glow  lamps  it  would  only  have  to  yield  about 
half  the  current.  Therefore  we  see  that,  although  not  inefficient, 
the  maximum  allowable  output  of  a  100-volt  transformer  on 
parallel  arc  lamps  is  only  about  one-half  of  its  ordinary  maximnm 
output. 

It  will  be  said  that  two  arcs  may  be  run  in  series  on  the 
100-volt  secondary.  This  is  true,  but  two  arcs  are  not  alway* 
wanted;  and,  further,  the  working  of  two  arcs  (which  must 
for  this  purpose  be  shunt  or  differential  instead  of  simplj 
series-wound)  in  series  on  a  constant  potential  diflference  is 
the  least  satisfactory  way  of  arranging  arcs,  whether  for  direct  or 
alternate  current,  as  in  this  way  they  affect  one  another  the  most; 
having  neither  the  margin  of  controlling  power,  by  current,  which 
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is  provided  in  the  parallel  constant  potential  difference  arrange- 
ment ;  nor  by  E.M.F.,  as  in  the  series  constant-current  arrange- 
ment. Then,  again,  lamps  so  connected  must  be  extinguished 
together,  as  no  cut-out  or  switch  can  be  used  unless  it  is  made 
to  insert  a  resistance  or  impedance  to  take  the  place  of  the 
extinguished  lamp. 

On  the  whole,  therefore,  it  is  preferable  to  have  50-volt 
secondaries  where  arcs  are  to  be  used,  or  to  adopt  the  inter- 
mediate plan  of  connecting  the  middle  of  the  100-volt  secondary 
to  a  third  terminal,  using  a  third  wire  for  any  arcs  or  50-volt 
lamps  that  may  be  required.  It  may  be  worth  while  to  point  out 
that  the  use  of  a  third  wire  on  transformer  circuits  may  lead  to 
difficulty  if  not  carefully  considered.  With  a  single  transformer 
it  is  as  easy  to  use  three  or  any  other  number  of  terminals  for  the 
lamps  as  it  is  to  do  so  on  a  set  of  accumulators,  and  to  get  any 
corresponding  potential  difference.  The  various  sections  of  the 
secondary  may  be  unequally  loaded  by  this  arrangement,  but  the 
primary  responds  as  a  whole  to  the  demand  made  upon  it.  If,  how- 
ever, instead  of  a  single  transformer,  two  transformers  are  used,  with 
their  primaries  and  secondaries  respectively  in  series,  then  the 
use  of  the  three-wire  princij)le  is  only  possible  when  it  is  applied 
to  both  the  primary  and  secondary  circuits,  unless  the  load  on 
each  of  the  two  secondaries  is  always  to  be  alike  and  the  same,  in 
which  case,  as  scarcely  need  be  said,  there  is  no  particular  advan- 
tage in  using  three  wires.  If  the  loads  are  not  equal  on  the  two, 
then  the  primary  of  the  least  loaded  transformer  acts  as  an 
impedance  coil  to  the  other  primary,  and  all  power  of  self-regula- 
tion is  lost.  One  remedy  for  this  is  to  apply  the  three-wire 
principle  to  the  primary  as  well  as  to  the  secondary  ;  but  this  is 
a  serious  matter,  and  one  that  could  only  be  undertaken  where 
the  whole  service  demanded  it.  Another  plan  is  to  have  two 
mains  for  the  primary  and  three  for  the  secondary,  and  to  join  the 
primaries  parallel,  the  secondaries  being  in  series  with  the  third 
wire  at  the  middle  terminal. 

In  cases  where  arcs  have  not  to  be  used,  and  in  the  absence  of 
any  very  strong  evidence  of  any  difference  of  life  in  favour  crfp 
50-volt  lamps,  I  think  it  is  best  to  use  50  volts  for  small  separate 
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installationg,  and  100  volts  for  larger  ones;  but  it  is  evident  from 
what  ha^  been  said  that  there  are  so  many  points  to  consider  that 
it  is  quite  impossible  to  give  any  definite  negative  or  aflSrmative 
reply  to  the  question,  "  What  is  the  best  secondary  E.M.F,  to 
*^  use  ? ''  Each  case,  or  at  least  each  class  of  cases,  must  be  settled 
on  its  merits.  If  for  general  convenience  any  particular  pressure 
is  selected,  it  is  obvious  that  it  will  have  about  equally  stroDg 
arguments  for  and  against  it. 

Alternate-Current  Arcs. 

Reverting  to  this  subject,  it  is  to  be  regretted  that  very 
little  appears  to  be  commonly  known  about  A.C.  arcs.  I  trust 
that  in  the  discussion  of  this  paper  some  imformation  may  be 
famished  with  regard  to  them. 

As  to  the  regulating  mechanism  of  lamps,  although  some 
difficulties  were  encountered  in  modifying  the  Brush  arc 
lamp  for  this  work,  the  result  has  been  perfectly  satis&ctorj; 
the  feeding  range  is  very  small — quite  as  small  as  with  direct 
currents,  and  with  no  greater  loss  of  power  in  the  lamp- 
box.  Some  trouble  was  experienced  in  getting  rid  of  noise 
and  vibration  in  the  coils  and  mechanism,  but  this  has  been 
completely  overcome,  the  lamp  itself  being  quite  silent.  This 
is  readily  proved  by  connecting  the  carbon-holders  by  a  flexible 
wire  and  adjusting  the  current  to  the  pormal  value,  when  it  is 
found  that  there  is  no  noise.  An  A.C.  arc  is  not  silent,  as  is  well 
known,  a  distinct  hum  being  set  up,  by  which  it  is  quite  possible 
to  ascertain  the  periodicity. 

This  humming  noise,  which  can  scarcely  be  expected  to  be 
overcome,  renders  A.C.  arcs  unsuited  for  general  use  indoors ;  but 
for  outside  illumination,  and  for  such  places  as  railway  stations 
they  will  certainly  find  a  very  extensive  application. 

I  venture  to  think  that  the  opinion  so  often  expressed, 
that  A.C.  arcs  give  much  less  light  than  those  supplied  with 
direct  current,  is  founded  on  a  misunderstanding  of  the 
proper  conditions.  It  is  quite  true  that  if  two  arcs  are  compared, 
supplied  with  the  same  amount  of  current,  the  direct-current  lamp 
will  prove  the  better  one.     This,  I  think,  is  because  the  basis  of 
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•comparison  is  not  right.  In  many  cases  the  A.O.  arcs  are  more 
efficient.  They  should  be  judged  by  the  energy,  and  not  only  by 
the  current.  I  have  mentioned  that  an  A.G.  arc  requires  only 
35  to  40  volts  potential  difference  between  the  carbons,  while  a 
<Jirect-current  arc  requires  45  to  50  volts.  The  mean  may  be 
taken  at  37"5  volts  and  47-5  volts  respectively,  and  to  expend  the 
same  energy  in  the  two  cases  the  current  should  therefore  be  in 
the  inverse  ratio  of  these  values.  Thus  an  A.C.  arc,  to  give  the 
same  light  and  to  absorb  the  same  power  as  a  10-ampere  direct- 
current  arc,  should  be  made  for  12*6  amperes. 

In  one  respect  A.C.  arcs  are  inferior,  and  that  is  in  their  power 
of  directing  the  light  downwards.  They  have  no  "  crater,"  and 
therefore  do  not  send  the  light  down  as  do  direct-current  arcs. 
On  this  accoimt  it  is  advisable  to  use  reflectors  above  them,  unless 
they  are  suspended  below  and  near  a  good  reflecting  ceiling  or 
roof. 

But  even  this  drawback  is  counteracted  in  parallel  work  by 
their  greater  efficiency.  On  a  65-volt  circuit  with  direct  currents, 
as  I  mention  elsewhere,  there  is  a  waste  of  100  to  150  watts  with 
a  10-ampere  arc,  and  in  the  same  proportion  with  other  currents. 
This  is  a  very  serious  proportion  of  the  whole  power,  and  it  is 
only  allowable  to  waste  it  because,  as  a  light-producer,  the  arc  is 
so  much  more  efficient  than  the  incandescence  lamp.  Never- 
theless, any  means  of  avoiding  the  loss  is  to  be  welcomed, 
and  with  A.C.  arcs  it  may  be  greatly  reduced  by  the  use  of 
impedance  coils,  which,  if  properly  designed,  waste  very  little 
power,  and  have  all  the  steadying  effect  of  resistances. 

Safety  and  Safeguards. 

I  take  this  opportunity  of  bringing  up  this  question,  not 
because  I  have  anything  new  to  say  with  regard  to  it,  but  in 
order,  if  possible,  to  bring  it  a  little  nearer  to  a  rational  settle- 
ment. 

It  will  be  acknowledged  that  the  first  duty  of  an  "  undertaker  " 
using  high  tension  is  to  provide  for  the  complete  and  absoluterTp 
safety  of  the  consumers.     If  there  are  no  means  of  doing  this 
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then  the  system  is  fundamentally  bad,  and  must  sooner  or  later 
be  abandoned. 

There  are  several  ways  of  protecting  the  house  mains  more  or 
less  completely.  I  only  need  allude  to  three  typical  plans,  all  of 
which  have  already  been  discussed  before  this  Institution. 

One  is  the  plan  introduced  by  Mr.  Kent,  of  entirely  separating 
the  primary  and  secondary  conductors  in  a  transformer  by  a  sheet 
or  division  of  earth-connected  metal.  This  is  open  to  adverse 
criticism  on  some  points,  but  on  the  whole  it  is  an  effective  plan. 

Another  arrangement  is  the  ingenious  one  of  Capt.  Cardew, 
consisting  of  a  sort  of  static  mouse-trap,  which  immediately  goes 
off  when  an  unauthorised  P.D.  enters  it. 

The  third  plan  is  that  of  earthing  the  secondary,  and  it  would 
be  very  instructive  if  those  who  so  strongly  oppose  this  plan 
would  state  just  one  real  objection  to  it.  It  is  a  perfectly  sure 
method,  and  costs  nothing. 

It  renders  it  absolutely  impossible  for  the  consumer  to  get  a 
dangerous  shock  under  any  possible  combination  of  circumstances 
whatever. 

The  faults  that  may  occur  are — 

{a)  Contact  between  primary  main  or  mains  and  earth. 
(6)  Contact  between  primary  and  secondary  in  a  trans- 
former. 

(c)  Contact  between  a  person    and    a    portion    of  the 

secondary  conductor. 

(d)  Contact  between  that  person  and  earth. 

Now  if  all  these  contacts  occur  at  the  same  time,  the 
"  person  "  will  get  a  shock. 

But  if  the  secondary  is  earthed,  no  shock  can  be  obtained, 
except,  perhaps,  a  slight  one  due  to  the  secondary  P.D. 

This  simple  plan  has  been  approved  by  almost  everybody,  but 
it  is  received  with  opposition  on  the  part  of  some  of  the  fire 
insurance  offices  and  others. 

It  is  difficult  to  ascertain  where  the  supposed  danger  is.  If 
the  secondary  is  earthed,  the  effect  of  a  contact  between  primaiT 
and  secondary,  when  the  former  is  accidentally  leaky,  is  at  once 
to  blow  out  the  primary  safety  fuse  of  the  transformer,  and  so 
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cut  out  the  offending  house.  This  is  the  simplest  and  the  best 
course  to  take,  and  prevents  the  continuance  on  the  circuit  of 
transformers  that  contain  faults. 

The  Brush  Corporation  has  adopted  this  plan  with  perfect 
success  on  a  large  installation  abroad,  and  intends  adhering  to  it 
where  local  circumstances  permit. 

It  is  to  be  remarked  that  it  is  not  open  to  the  objection 
that  has  been  stated  against  earthing  of  one  of  the  primary 
conductors,  viz.,  that  the  telephones  may  be  affected,  for  it  is 
not  permanent.  The  moment  a  contact  occurs  that  could  lead 
to  a  disturbance  of  the  telephones,  the  fuse  prevents  that 
disturbance  being  continued. 

While  effectually  removing  life  risks,  this  i)recaution  does 
not  increase  fire  risks ;  in  fact,  it  t^nds  to  greater  safety,  as  it 
is  some  sort  of  check  on  the  character  of  the  house  wiring 
work,  and  so  reduces  chances  of  faults  such  as  short-circuiting 
of  the  secondary. 

The  rupture  of  a  i)rimary  safety  fuse  is  not  a  serious  matter, 
and  in  any  case  it  is  only  what  takes  place  under  ordinary 
circumstances  when  any  fault  occurs  that  results  in  an  excess 
of  current. 

As  to  static  effects,  I  think  it  will  be  foimd  that  there  will 
always  be  enough  general  leakage  to  prevent  such  effects  being  a 
cause  of  difficulty,  even  if  the  secondary  circuits  are  not  earthed. 

Hysteresis  and  Eddy-Currents. 

Some  explanation  is  necessary  by  way  of  preface  to  this 
section  of  the  paper.  The  experiments  described  were  made  with 
a  direct-current  dynamo,  and  on  that  account  they  only  touch  the 
fringe  of  this  division  of  the  subject.  As  I  had  no  suitable 
alternator,  I  was  unable  to  pursue  the  question  as  far  as  I  wished 
to  do,  but  I  hope  I  need  make  no  apology  for  bringing  forward 
such  results  as  I  have  been  able  to  arrive  at. 

As  far  as  I  am  aware,  no  simple  or  practical  method  is  known 
by  which  the  power  absorbed  in  eddy-currents  can  be  determined 
and  separated  from  that  due  to  hysteresis  in  the  armatures  of 
dynamos.     This  is  a  point  of  some  importance  rioffi  as  regards 


618  ALTERNATE  GUBBENT  WOBKING.  [May  2Std, 

alternators  and  direct-current  machines,  for  many  reasons ;  one  of 
the  principal  being  that  in  the  absence  of  exact  knowledge  (m 
these  matters  it  is  difficult  or  impossible  to  determine  to  what 
extent  the  lamination  of  the  iron  cores  should  be  carried.  There 
are  wide  differences  in  the  practice  of  the  various  designers  and 
makers  of  dynamos  in  the  thickness  of  the  iron  used. 

Lamination  may  be  carried  to  such  a  degree  of  fineness  for 
the  purpose  of  reducing  eddy-currents  as  to  add  very  materiaUj 
to  the  cost  of  production,  the  iron  increasing  rapidly  in  price  as 
the  thickness  is  reduced ;  and  it  may  be  that  the  point  is  some- 
times passed  beyond  which  no  gain  in  efficiency  is  obtained. 
This  is  a  question  we  wish  to  be  enabled  to  settle. 

Until  Professor  Ewing*  and  Dr.  J.  Hopkinsont  read  their 
Royal  Society  papers  on  the  subject,  very  little  was  known  of  the 
heating  efifect  of  changes  of  magnetism.  Professor  Ewing  opens 
the  part  of  his  paper  dealing  with  this  matter  in  the  following 
terms  (p.  552y  Phil.  Tratis.)  : — 

"  The  energy  expended  in  a  cyclic  process  of  magnetisation 
^'  can  take  no  other  form  than  that  of  heat  diffused  throughout 
'^  the  substance  of  the  metal.  Experiments  have  been  nuide  by 
"  Joule  and  others  to  determine  by  direct  observation  the  heating 
"  effect  of  magnetisation  in  iron.  { 

'^  In  most  direct  measurements  of  this  quantity  no  distinction 
^^is  made  between  the  heating  effect  due  to  the  induction  of 
"  electric  currents  and  that  due  to  changes  of  magnetisation  per 
"  86 ;  and  so  excellent  an  authority  as  Professor  Rowland,  writing 
''in  1881,  has  expressed  himself  as  doubtful  whether  changes  of 
''  magnetisation,  considered  apart  from  the  currents  they  induce, 
"  give  rise  to  any  development  of  heat  at  all." 

Further  on.  Professor  Ewing,  referring  to  the  dissipation  of 
energy  by  hysteresis,  which  he  had  determined  by  laboratoir 
experiments,  says  {PhU.  Tra/as.y  pp.  553,  554) : — 


•  Professor  Ewing,  **  Experimental  Besearches  in  Magnetism,"  Phxl,  Transit 
Jan.,  18S5. 

t  Dr.  J.  Hopkinson,  «  Magnetisation  of  Iron,"  PAtl.  Tran«.,  April,  188$. 

J  Joule,  Fhil.  Ifag.,  vol.  xxiii.,  1848;  Groye,  PfctZ.  Mag,,  voL  xxxv.,  1849 
Villari,  Nmvo  Cimento,  1870 ;  Cazin,  Ann,  de  Chevh  et  de  Phys.^  1875 ;  Trow- 
bridge, Proe.  AuMt.  Atxid,  of  Arts  omd  Science,  1879.        ^^  O   " 
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^^  These  developments  of  heat  are  so  small  as  to  make  it 
"ai)pareiit  that  the  very  considerable  thermal  effects  which 
"  reversals  of  magnetism  cause  in  the  revolving  cores  of  some 
"  dynamo-electric  machines  must  be  due  almost  wholly  to  the 
**  internal  induction  of  currents,  so  &r  as  they  are  not  due  directly 
*'  to  the  current  circulating  in  the  coils  of  the  armature. 

"  The  experiments  have  a  practical  value  in  showing  that  cores 
^^  which  are  so  thoroughly  laminated  as  to  render  the  induction  of 
'^  currents  within  them  unimportant,  do  not  involve  any  serious 
^^  loss  of  energy ;  and  that  the  efficiency  of  a  machine  with  a  soft 
'*  iron  core  or  cores  whose  magnetism  is  periodically  reversed  need 
^^  not,  on  that  account,  be  materially  less  than  that  of  a  machine 
**  which  has  no  such  cores.  The  absence  of  iron  from  the 
^^  armature  has  been  claimed,  on  the  score  of  efficiency,  as  an 
'*  important  advantage  possessed  by  some  types  of  machine,  but 
^^  unless  the  claim  has  some  other  basis  it  appears  to  me  to  be 
*'  illusory.  Magnetic  reversal  does  involve  some  loss  of  energy, 
*'  but  if  the  cores  are  properly  laminated  it  is  so  small  as  to  be 
'*  practically  insignificant."  . 

I  quote  these  passages  as  showing  the  position  of  the  question. 
Professor  Ewing  and  Dr.  Hopkinson  give  laboratory  determinations 
of  the  magnetic  loss  in  iron  with  various  inductions,  and  under 
^'arioas  conditions.  It  is,  however,  left  somewhat  in  doubt  as  t.o 
whether  the  loss  in  dynamo  armatures  will  be  the  same  as  in  the 
laboratory  experiments,  the  conditions  being  very  different  in  the 
two  cases. 

On  this  point  Professor  Ewing  shows  that  hysteresis  is  much 
less  when  the  iron  is  in  a  state  of  mechanical  vibration  than  when 
it  is  in  a  state  of  rest,  and  states  that  in  a  dynamo  the  loss  will  be 
less  tban  the  experiments  on  still  metal  might  lead  us  to  expect. 

Another  way  in  which  the  dynamo  conditions  may  cause  some 
difference  is  the  possible  variations  of  the  magnetic  density  that 
mi^y  exist  in  the  core.  Such  variation  may  be  considerable  in 
armatures  of  kdrge  size. 

Dr.  Hoi^dnson  (Phil.  Trane.,  p.  467)  takes  the  magnetic  loss 
in  armatures  as.  being  the  same  as  in  the  small,  pieces  of  iron, 
tested  by  his  method,  and  gives  an  example  calculated  for  an 
armature  core  "  finely  dinded,  to  avoid  local  electric  currents." 
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It  is  to  be  noted,  then,  that  both  these  authorities  regarded 
eddy-currents  as  unimportant  in  laminated  armatures ;  but  in  the 
later  paper  on  "Dynamo-electric  Machinery"*  Drs.  J.  and  E 
Hopkinson  published  their  famous  investigation  into  the  eflSciency 
of  dynamos,  and  gave  very  full  particulars,  from  a  study  of  which 
it  is  possible  to  ascertain  the  loss  in  eddies,  on  the  assumption 
that  the  method  of  calculating  the  magnetic  loss  is  correct  when 
applied  to  armatures — ^a  point  which  Dr.  Hopkinson  was  not  able 
to  decide  positively ;  but  by  assuming  that  it  is  applicable,  then, 
by  subtracting  the  calculated  hysteresis  loss  from  the  ascertained 
total  power  unaccounted  for,  the  eddy-current  loss  is  obtarned; 
and  as  this  process  gives  the  hysteresis  as  accounting  for  only 
about  40  per  cent,  of  the  total  loss  in  the  armature  core,  it  show? 
that  the  eddies  could  not  by  any  means  be  consideted  unimportant, 
although  the  lamination  was  carried  out  to  the  extent  of  making 
the  iron  about  0*02  inch  thick. 

I  now  wish  to  describe  a  method  by  which  the  amount  of  loss 
due  to  each  of  the  two  causes  may  be  ascertained  experimentally 
in  the  workshop  on  a  practical  scale.  It  is  a  very  simple  one, 
although  not,  perhaps,  capable  in  all  cases  of  the  highest  scien- 
tific accuracy. 

(a.)  First  run  the  dynamo  on  open  circuit  at  various  speeds 
(two  readings  will  suffice),  with  the  fields  imexcited,  or,  better 
still,  entirely  absent,  and  measure  the  power  absorbed  in  friction. 
Plot  this  value  to  any  suitable  scale,  as  0  M  in  Fig.  3,  the 
ordinates  representing  horse-poWer,  while  the  abscissae  represent 
revolutions  per  minute. 

In  the  figure  the  mechanical  friction,  being  a  quantity  with 
which  in  this  investigation  we  are  not  directly  concerned,  ^^ 
plotted  below  the  base  line  0  M',  in  order  thiat  the  other  losse?- 
may  be  more  clearly  seen. 

(6.)  Next  run  again  on  open  armature  circuit  with  the  brushes 
removed,  and  the  field  normally  excited,  and  measure  the  power 
absorbed.  This  will  be  the  total  power  dissipated  in  friction, 
hysteresis,   and  eddy-currents,  if  any,  and  must  be  plotted  a» 


•  PhU,  Trcms.,  part  l,  188G,  p.  33^.^^  by  dOOglc 


1889.] 


ALTERNATE  OURBENT  WORKING. 


621 


O  N.  Then  the  ordinates  lying  between  0  N  and  0  M'  represent 
the  sum  of  the  losses  due  to  hysteresis  and  eddy-currents,  and 
somewhere  between  0  M'  and  0  N  must  lie  a  line  0  P,  separating 
the  hysteresis  from  the  eddy-currents. 

JkJbermouULoru  cfZcssca  iiv  Dynxvmo  ArmjoJtur^ 


% 


1«r 


UOROEY 

3'5 

/. 

«N' 

o. 

/^ 

o' 

^ 

/ 

O.C 

/ 

/ 

/ 

ti^ 

/ 

/ 

N 

A, 

J 

u 

i6 

y 

i 

A 

fj 

V 

/ 

'/ 

/ 

/ 

/ 

tM^" 

t^ 

m 

/ 

/ 

Jf" 

^0* 

/ 

/ 

1^ 

^' 

^' 

y 

,— I 

I 

^ 

^ 

^ 

___^ 

— ■ 

— - 

' — " 

^ 

^ 

^ 

'«ter 

h*L9 

»*■'  . 

^perstc 

ni. 

^ 

0    4i 

i)    5L 

0   61 
2 

0  n 
) 

0  at^ 

0  9^ 

9  m 

P    /^ 

4 

3(? 
7 

it^-^ 

.e 

^- 

'^^-^^ 

^-^ 

A 

*^ 

l^-i 

^ 

^  , 

^ii 

^ 

■~^ 

K^.._^ 

L 

'^ 

-^ 

M 

Fig.  3 

We  desire  to  find  the  position  of  this  line.  The  difference 
between  the  rate  of  increase  of  the  electric  and  magnetic  losses 
enables  us  to  separate  them  from  each  other.  It  may  be  taken 
that,  with  any  given  constant  excitation,  the  loss  from  hysteresis 
is  directly  proportional  to  speed,  within  certain  limits  to  be  here-j 
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after  stated.  The  resistance  (that  of  the  iron)  bemg  oonstant^ 
the  eddy-currents  most  vary  as  the  first  power  of  the  speedy  and 
the  loss  therefrom  as  the  sqnare  of  the  speed.* 

It  will  now  be  seen  that  it  is  easy  to  separate  the  values 
which  are  directly  proportional  from  those  which  are  proportional 
to  the  square  of  the  speed. 

Professor  S.  P.  Thompson,  to  whom  I  submitted  this  method, 
has  kindly  given  me  the  following  concise  formulae  for  finding  the 
quantities : — 

.  P  and  Pi  are  respectively  the  combined  magnetic  and  electric 
losses  at  the  speeds  S  and  Sj. 

k  =  magnetic  loss ; 
ki  =  electric  loss. 
h  _  Pi  S'  -  P  Si« 

,    _  P  S,  -  Pi  >s 

^'  -  S"Si  -  SSi^" 

Then,  at  any  speed  '/i, 

Hysteresis  z=  kn; 

Eddies        =  kiU*. 

If  armature  cores  are  run  in  an  excited  field  before  winding, 
it  can  be  determined  to  what  extent  their  lamination  is  satis- 
factory, and  whether  the  iron  is  of  good  quality ;  and  then,  after 
winding  the  armature  conductors,  another  test  shows  what  the 
additional  increase  in  the  loss  is,  and  separates  the  efifects  of 
eddy-currents  in  the  core  firom  those  in  the  conductor,  and  the 
hysteresis  from  both.  The  method  may  also  be  useful  to  in- 
vestigate the  losses  in  the  cores  of  armatures  of  different  types, 
or  differently  built  up,  as,  for  instance,  with  iron  wire  or  iron 
sheets. 

This  method  has  a  useful  application  in  rendering  it  possible 
to  separate  not  only  the  magnetic  loss  firom  the  electric  loss  in 
the  iron,  but  to  determine  the  waste  by  eddies  in  the  copper 
winding  of  armatures. 

It  is  usually  entirely  a  matter  of  opinion  as  to  how  much  of 


•  Prof.  Thompson's  "Dynamo-^ectrioMaehinery.*'   SrdBditton,^  ICML 
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tlie  power  absorbed  in  running  an  armatnre  on  open  circuit  is  due 
to  any  of  the  various  causes  referred  to;  and  now  that  it  is 
cdstomary  to  wind  armatures  with  heavy  conductors,  it  becomes 
very  desirable  to  be  able  to  find  in  any  particular  case  what 
proportion  of  the  loss  is  in  the  copper,  and  what  in  the  iron. 

In  Fig.  3  a,re  shown  some  results  obtained  with  a  four-pole 
(direct-current)  Victoria  dynamo  run  at  various  speeds  up  to 
1,200  revolutions  per  minute,  with  constant  excitation.  Power 
readings  were  taken  by  means  of  a  White's  transmission  dynamo- 
meter, constructed  by  the  Brush  Corporation  for  the  purpose  of 
testing  dynamos ;  and  the  H.P.  absorbed  in  mechanical  friction  in 
dynamo,  belt,  and  dynamometer  was  subtracted  from  the  power 
spent  electrically  and  magnetically. 

To  reduce  errors  in  the  dynamometer  readings  the  dynamo 
was  fitted  with  two  pulleys,  one  twice  the  diameter  of  the  other. 
This  allowed  of  the  dynamometer  being  run  at  the  same  speed, 
while  two  different  speeds  of  the  dynamo  were  obtained  by 
changing  the  belt  from  one  pulley  to  the  other.  Beadings  were 
taken  at.  four  speeds,  viz.,  450,  600,  900,  and  1,200  revolutions 
per  minute,  corresponding  to  15,  20,  30,  and  40 /A^  per  second. 
The  position  of  O  P  was  readily  found  by  "  trial  and  error,"  this 
being  a  shorter  process  for  a  concrete  instance  than  the  applica^ 
tion  of  the  general  formute.  The  assumption  on  which  this 
method  of  testing  is  based  was  found  to  be  correct  up  to  900 
revolutions.  The  reading  at  the  higher  speed  of  1,200  revolutions, 
or  40  /xy,  shows  that  disturbing  influences  began  to  affect  the 
results  by  reducing  the  rate  of  increase  of  the  losses.  The  con- 
tinuation of  the  curve  0  N  in  a  full  line  shows  the  actual  loss ; 
while  the  continuation  in  a  dotted  line,  which  is  a  parabola  on 
O  P  as  an  abscissa,  shows  what  the  loss  would  be  if  the  rate  of 
increase  holding  for  low  speeds  were  maintained. 

This  shows  that  this  method  is  perfectly  applicable  to  ordinary 
<iirect-current  machines — ^for  instance,  to  two-pole  dynamos  up  to 
1,800  revolutions  per  minute,  or  30 /x/ per  second— but  that  it 
is  less  useful  for  alternators. 

'  The  disturbing  causes  are  probably  rather  complicated.  They 
may  be  due  partly  to'self-induction  in  the  circuits  of  the  eddy- ^ 
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currents,  to  lower  magnetisation  (although  this  effect,  if  present, 
is  very  slight,  as  was  shown  by  the  E.M.F.  being  almost  perfectly 
proportional  to  speed),  and  to  vibration.  "  Viscous  hysteresis,*'  if  it 
exists,  will  raise  the  magnetic  loss.  There  may  be  such  an  effect, 
in  spite  of  the  lowering  of  the  curve,  but  it  cannot  be  recognised, 
on  account  of  the  unknown  variation  of  the  eddies,  at  the  higher 
speed.  Iron-cored  alternators  working  at  high  periodicities  may 
be  tested  in  the  following  way,  which  will  give  some  approach  to 
correct  results : — Let  the  test  be  taken  at  a  low  speed  (not  more 
than  30  /"Vx).  This  will  give  the  hysteresis  per  period,  and  the 
eddies  at  that  speed.  Then,  if  at  any  higher  speed  the  E.M.F.  u 
proportional  to  speed,  it  may  be  assumed  that  the  magnetic 
induction  is  the  same  as  before,  and  the  hysteresis  per  period 
will  at  any  rate  not  be  less  than  at  the  lower  speed.  It 
may  be. more.  The  difference  between  the  calculated  hysteresis, 
0  P,  and  the  ascertained  total  loss,  0  N,  will  be  the  eddies ;  or, 
if  viscous  hysteresis  is  a  fact,  it  will  be  extra  loss  due  to  viscosity 
plus  that  due  to  eddies. 

Heating  of  the  armature  core,  and  consequent  increase  of  the 
resistance  of  the  iron,  is  not  responsible  for  the  bending  down  of 
the  curve  0  N  in  Fig.  3  (although  it  would  have  that  effect  under 
ordinary  circumstances),  as  the  experiments  did  not  occupy 
sufficient  time  to  allow  of  any  sensible  rise  of  temperature.  The 
effect  is  probably  very  complex  and  obscure,  but  it  is  one 
that  well  deserves  study,  on  account. of  its  present  industrial 
importance. 

It  should  be  stated  that  the  dissipation  of  energy  (which  has 
been  spoken  of  as  being  in  the  armature)  may  be  partly  in  the  field 
magnets.  This  was,  however,  not  the  case  in  the  experiments 
referred  to.  The  conditions  necessary  for  the  prevention  or 
reduction  of  eddies  in  the  iron  of  field  magnets  are  now  pretty 
generally  understood,*  but  it  should  be  observed  that  it  is  not  by 
any  means  as  easy  to  check  such  waste  in  alternators  as  in  ordinaiy 
dynamos.  It  is  both  better  and  easier  to  prevent  than  to  cure 
them. 

•  See  namerous  practical  notes  on  this  subject  scattered  through  Protaor 
Thompson's "  Dynamo-electric  Machinery."  ^  ^  O  ~ 
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If  a  good  transmission  dynamometer  is  not  available,  results 
almost,  or  perhaps  quite,  as  good  may  be  obtained  by  running 
the  machine  at  various  speeds  by  means  of  an  electric  motor,  and 
measuring  the  power  required  by  the  motor — ^first  with  the  fields 
of  the  machine  unexcited,  to  get  the  mechanical  friction,  and 
then  with  the  fields  excited,  to  get  the  total  loss.  The  motor 
should  then  be  run  alone,  to  find  what  is  absorbed  in  driving  it 
at  various  speeds.  The  increase  in  watts  over  these  last  values, 
with  the  internal  losses  in  the  motor  conductors  calculated  out 
and  subtracted,  will  give,  with  a  very  fair  degree  of  accuracy, 
the  energy  dissipated  in  the  machine  under  test. 

The  upper  curve,  0  N',  was  plotted  from  readings  taken  after 
the  armature  was  wound,  and  the  difierence  in  the  ordinates 
between  ON  and  ON'  shows  the  eddy-current  loss  in  the  copper 
conductor  at  various  speeds.  This  loss,  like  that  of  the  eddy- 
currents  in  the  iron,  rises  as  the  square  of  the  speed  up  to  900 
revolutions,  or  30  /V/,  above  which  it  rises  rather  less  quickly. 
The  full  line  0  N  shows  the  actual  loss,  the  dotted  line  above  it 
showing  what  it  would  be  if  the  rate  of  increase  were  maintained. 
The  difference  is  no  doubt  due  to  self-induction. 
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That  the  effect  of  self-induction  is  not  noticeable  unless  the[^ 
eddy-currents  are  considerable  is  in  accordance  with  experiments 
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that  I  pablished*8ome  years  ago  in  connection  with  the  Brush 
dynamo.*  The  results  then  obtained  are  shown  in  Fig.  4.  The 
straight  line  connects  speed  and  the  potential  difference  at  the 
terminals  with  the  laminated  aimatnre ;  the  low^  and  slightlf 
carved  line  shows  the  potential  difference  with  the  old  form  of 
cast-iron  armature,  which  had  only  coarse  diyisi<ms,  scsrcdj 
meriting  the  term  "lamination."  The  curve  shows  that  the 
£.M,F.  rose  less  quickly  than  the  speed  on  account  of  the 
serious  generation  of  eddy  currents. 

In  the  laminated  armature,  although,  of  couiBe^  there  were 
still  eddies,  their  effect  was  not  sufficient  to  cause  any  bending 
down  of  the  E.M.F.  line  at  any  practicable  speed  of  driving. 

Coming  now  to  an  examination  of  the  results  obtained  in  the 
experiments^  and  shown  in  Fig.  3,  we  see  that  the  hysteresis  loss 
in  this  particular  dynamo — which  I  should  mention  is  capable  of 
working  continuously  with  a  normal  load  of  18,000  watts— w 
0-195  H.P.  at  460  revolutions,  and  0*39  H.P.  at  900  revolutions 
the  latter  corresponding  to  30  /\y  per  second. 

The  magnetisationt  was  about  12,300  c.g.s.  lines — ^not  by  snj 
means  a  high  density.  The  armature  had  a  ring  core,  nearij 
square  in  cross-section,  of  twelve  sq.  in.  area,  and  contained  615 
cub.  in.,  or  10,086  cub.  centim.  of  iron  strip  0*012  in.  thick  (Xa 
30  B.W.G.)  separated  by  paper.  This  is  a  degree  of  lamination 
beyond  which  it  is  inconvenient  to  go.  The  peripheral  portion 
was  wound  with  this  iron  in  parallel  bands  \  in.  wide,  in  order  to 
reduce  eddies  caused  by  lines  entering  the  periphery.  The  main 
inner  portion  of  the  core  was  of  wider  strip. 

We  find  from  the  figures  that  the  loss  in  hysteresis  at  900 
revolutions  was  as  follows : — 

0-39  H.P.  =  291  watts  =  0*473  watts  per  cub.  in.,orO0» 
watts  per  cub.  centim.  As  the  periodicity  was  30,  the  dissipation 
of  energy  per  complete  period  per  cubic  centim.  was  9,613  eip 
or  O'OOl  watts,  nearly. 


•  TU  EUciridan^  October  2nd,  1885. 

t  The  use  of  the  word  <<  induction  '*  in  so  many  leiiBeB  is  apt  to  eaiue  ^* 
f  U8ion.  «  Kagnetintion  "  wonld  perhaps  be  better  than  «<indactip]i^"  "  nwgM^ 
induction,"  «*deniity,"  <*  magnetic  denBity,**  etc.  ^ 
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It  IB  interesting  to  compare  this  result,  obtained  in  what  may 
seem  a  rather  crude  manner,  with  the  values  given  in  the  papers 
referred  to.  Prof.  Ewing  says  (Phil.  Trans.,  p.  553)  "...  the 
^*  double  reversal  of  a  strong  condition  of  magnetism  in  soft  iion 
**  involves  the  expenditure  of  about  10,000  ergs  per  cubic  centim." 
He  gives  the  energy  as  9,300  ergs,  with  a  magnetisation  of  13,190 
in  very  soft  annealed  iron.  Dr.  Hopkinson  gives  13,356  ergs,  with 
a  magnetisation  of  18,250. 

Much  of  course  depends  upon  the  quality  and  hardness  of 
the  iron,  but  my  results  come  out  very  close  to  those  of  Prof. 
Ewing  and  Dr.  Hopkinson.  This  may  be  taken  as  proving  the 
method  capable  of  considerable  accuracy.  The  eddies  in  the  iron, 
it  will  be  seen,  are  by  no  means  to  be  neglected,  even  with  the 
very  fine  subdivision  that  was  used. 

The  eddies  in  the  conductor  were  rather  greater  than  usual,  as 
the  armature,  being  intended  for  a  very  low  speed,  had  a  larger 
amount  of  copper  on  it  than  usual. 

The  bearing  of  these  curves  on  iron-cored  alternators  and  on 
open  circuit-working  generally  is  obvious.  With  a  magnetisa- 
tion of  12,000,  the  loss  in  hysteresis  alone,  at  100  /A^,  would 
be  over  1*5  watts  per  cub.  in.  of  iron  core,  and  the  eddies  would 
amount  to  a  good  deal  more.  I  will  only  add  that  the  eddies, 
both  in  the  iron  and  in  the  copper,  are  greatest  when  no 
external  work  is  being  done,  as  was  the  case  in  my  experiments. 
They  are  reduced  by  the  efiects  of  self-induction  when  the 
circuit  is  closed.  A  diflference  exists  in  this  respect  between 
generators  and  motors,  a  difference  in  fEtvour  of  generators.* 

I  will  not  further  extend  this  paper  by  dealing  at  greater 
length  with  this  part  of  the  subject. 


APPENDIX. 

Extract  from  remarks  by  Mr.  Mordey  in  the  discussion  on 
Mr.  Kapp's  Paper  on  "Alternate  Current  Machinery." — Proc. 
Inst.  C.E.y  March  5th,  1889. 

'<  Alternators  might  be  divided  into  two  classes,  those  which  had  iron  in  the 
armatares,  and  those  which  had  not    As  his  own  machine,  made  by  the  BrusjhT 

•  Thil.  Mag,j  Jan.,  1886,  p.  26.  "  The  Dynamo  as  a  Generator  and  as  a 
Motor." 
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Corporation,  and  that  of  Ferranti  were  the  only  examples  of  the  latter  class  described 
by  the  author,  he  might  be  permitted  to  mention  the  reasons  which  had  led  him  to 
avoid  the  use  of  iron.     He  thought  the  makers  of  dynamos  would  agree  that  almoa 
all  the  ills  that  the  dynamo  was  heir  to  were  due  to  the  presence  of  the  iron  in  the 
annature.      Its  use  in  direct  current  machines  might  be  said  to  be  a  neeesmj 
evil,  as,  although  attempts  had  been  made  to  do  without  it,  all  successful  typoiof 
such  machines  required  it  for  structural  purposes.    Iron  in  armatures  when  woriad 
at  a  high  magnetic  density,  and  with  rapid  reversals  or  A'ariations  of  roagnetismi. 
became  heated  and  wasted  a  good  deal  of  power.    In  alternators  this  objectioi 
applied  with  very  much  greater  force   than  in  direct-current  machines,  for  ie 
the  latter  the  reversals  of  magnetism  were  comparatively  slow.    Thus  the  first  resab 
arrived  at  in  quite  recent  practice  is  that  the  magnetic  density  that  can  be  used  is 
iron -cored  alternators  must  only  be  about  one-half  that  employed  in  continnoiu- 
current  armatures.     This  alone  meant  a  considerable  increase  in  the  size  of  arm- 
tnres,  without  any  gain  in  output  or  efficiency.    Although  the  loss  per  cubic  inch 
was  reduced  by  decreasing  the  magnetic  density,  the  armature  had  to  be  made  Urp 
to  compensate  for  it,  and  the  total  loss  was  actually  increased,  not  reduced.    Inv 
was  used  to  reduce  the  magnetic  resistance,  to  afford  mechanical  support,  and  to 
introduce  self-induction  into  the  circuit    The  latter,  an  evil  in  itself,  was  said  to 
be  a  modem  necessity,  caused  by  the  convenience  of  working  aJtemators  pardileL 
Self-induction,  for  this  or  any  other  purpose,  had  probably  not  entered  the  minds 
of  most  designers  at  the  time  they  first  produced  their  machines,  except,  perhaps- 
as  an  objectionable  feature,  which  they  could  not  get  rid  of;  but  now  it  was  being 
brought  forward  as  an  ad^*antage.    If  iron  was  indisx)ensable  for  this  purpose,  whicli 
he  was  not  prepared  to  admit,  it  could  readily  be  inserted  in  some  part  of  the  cufiiit 
where  ample  space  and  cooling  surface  could  be  provided,  and  from  which  it  oooM 
be  easily  removed  when  not  required,  that  was  when  it  was  only  necteasazy  to  nu 
one  machine.    The  armature  was  the  very  worst  place  to  put  the  iron,  for  there  it» 
presence  was  the  most  objectionable,  and  it  was  there  least  under  controL   Referring 
to  the  magnetic  resistance  of  armatures,  it  would  be  seen  that  there  were  broadlt 
two  ways  of  arranging  the  armature-coils  and  the  field-polea    The  poles  could  be 
arranged  north  and  south,  facing  one  another,  the  armature-coils  having  their  axef 
parallel  to  the  lines  of  force ;  or  the  poles  could  be  arranged  in  successive  order 
round  an  iron  ring  or  drum  armature-core,  on  which  the  armature  coils  were  woood 
or  placed.    If  iron  cores  were  used  in  the  former  case,  the  output  would  be  onlf 
about  one-half  of  what  was  obtained  with  air-cores,  on  account  of  the  necessitj  to 
work  with  reduced  magnetic  density,  while  at  the  same  time  magnetic  and  elec&v 
disturbances  would  be  set  up,  both  in  the  armature  and  field,  wasting  powtr. 
causing  objectionable  heating,  necessitating  lamination  of  the  fields,  and  demandioS 
an  increase  in  the  exciting  power.     These  reasons  were  sufficient  to  explain  whr  1« 
had  not  used  iron  cores;  but  there  were  others.    Magnetic  resistance,  between  ^ 
and  pole,  was  made  up  partly  of  the  necessary  clearance  space,  partly  in  most  ctf* 
of  the  space  occupied  by  the  copper  conductors,  and  partly  of  the  iron  or  oth* 
core.      Now,  if  in  air-cored  anpatures  the  core  could  be  so  arranged,  as  was  qvitc 
possible,  and  was  done  in  his  own  machine,  that  it  occupied  no  more  sf» 
han  was  taken  by  twice  the  depth  of  the  conductors  in  iron-cored  armatiiree,  it 
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wonld  be  eyident  that  the  former  gained  instead  of  lost  hj  the  omission  of  iron. 
They  gained  not  only  in  magnetic  resistance,  bat  in  all  the  other  points  to  which 
he  bad  referred,  and  they  had  the  very  great  advantage  that  there  was  nothing  to 
limit  the  magnetic  density  at  which  they  could  be  worked  except  the  magnetic 
saturation  of  the  field-poles,  the  only  losses  to  be  met  and  provided  for  being 
•the  ordinary  electrical  losses  in  the  conductor  caused  by  the  passage  of  the 
•current,  and  a  small  waste  by  eddy -currents  in  the  conductors  and  supports.  Such 
armatures  had  the  further  advantages  that  their  self-induction  was  negligible,  their 
power  of  self -regulation  was  very  great,  and  that  on  open  circuit  or  light  load  they 
ran  very  economically ;  whereas  it  was  well  known  that,  when  iron  cores  were  used, 
ihe  losses  under  such  circumstances  were  often  very  serious  indeed.  He  thought  it 
was  quite  unnecessary  to  use  iron  cores  for  the  purpose  of  obtaining  mechanical 
support  for  the  armature-winding.  The  holding  and  driving,  with  a  very  limited 
clearance,  of  an  armature  consisting  of  thin  iron,  separated  by  such  unmechanical 
substances  as  paper,  and  overwound  with  copper  wire,  itself  covered  with  cotton,  and 
expanding  and  throwing  out  from  the  combined  effects  of  heating  and  centrifugal 
action,  was  a  problem  that  had  never  been  very  successfully  solved  in 
direct-current  machines,  and  was  certainly  to  be  avoided,  if  possible,  under 
the  still  more  onerous  conditions  obtaining  in  alternators,  where  the  elec- 
trical pressure  was  usually  much  higher  than  in  direct-current  machines, 
and  in  which,  as  the  author  showed,  the  maximum  mechanical  strain  on 
the  wires  was  greater.  He  ventured  to  think  it  was  much  the  best  to  make 
the  armature  stationary  as  he  had  done.  It  then  liad  only  to  resist  the 
tangential  drag  of  the  field.  He  thought  a  great  mistake  was  made  in  some 
alternators  in  using  Pacinotti  projections.  In  all  cases  there  should  be,  as 
nearly  as  possible,  a  steady  magnetic  flux  in  the  field.  This  could  not  be  done  if 
projections  were  used.  The  Zipemowsky  and  Parsons  machines  were  faulty  in 
this  respect.  It  was  impossible  to  tell,  by  inspection  of  the  former,  which  was  the 
armature  and  which  the  field.  They  seemed  quite  interchangeable,  and  this  was 
of  course  not  right.  In  these  two  machines  it  would  be  seen  that  the  magnetic 
resistance  varied  very  much,  as  the  iron  projections  passed  through  the  cycle.  This 
necessarily  led  to  losses  in  the  field,  the  lamination  of  which  recently  introduced  in 
the  Zipemowsky  machine  showing  that  such  losses  must  be  serious.  There  was  one 
other  machine  to  which  he  wished  to  allude,  and  that  was  to  him  a  very  interesting 
machine  indeed.  He  referred  to  the  alternator  (Fig.  28)  shown  and  referred  to 
by  Professor  Forbes  aa  in  some  respects  a  developement  of  his  alternator.  In  that 
machine  Professor  Forbes  used  the  form  of  field  which  he  (Mr.  Mordey)  had  in 
his  alternator;  but  he  used  it  in  combination  with  a  form  of  armature  having, 
like  the  field,  only  one  coil.  He  ventured  to  point  out  that,  for  a  machine 
with  an  iron  armature,  that  form  of  alternator  had  some  advantages.  The 
armature  might  be  described  as  a  Gramme  ring  with  the  copper  inside  and  the 
iron  outside.  The  magnetic  flux  was,  or  might  be  made,  perfectly  even,  the 
air-gap  was  very  short,  the  magnetic  resistance  very  low,  and  it  followed  that  the 
excitation  required  was  very  small.  The  author  had  alluded  to  a  very  interesting 
and  important  matter,  probably  new  to  most  people,  as  it  certainly  wna  to  him^T^, 
namely,  that  the  armature-conductors  in  alternators  showed  a  tendency  to  heat 
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tnncli  more  than  in  the  continnons-carrent  machines,  but  in  this  machine  dcKiiM 
by  PrafesBor  Forbes  there  was  hardly  any  question  of  eddy-conents  in  the  armatoR- 
condactor,  as  the  coil  was  not  swept  by  the  lines  of  force.  Farther,  it  was  eTidett 
that  a  yeiy  low  current  density  could  be  used  in  the  armature-coil  without  seiuiUj 
affecting  the  size,  cost,  or  output,  and  it  was  also  clear  that  the  insnladon  of  tbe 
armature-coil  was  a  rery  simple  matter.  Another  good  point  was  that  neither  tbe 
armature-coil  nor  the  field  coil  need  be  rotated.  For  a  machine  with  an  ism 
magnetic  circuit  he  thought  this  was  a  veiy  good  one ;  and  he  had  only  one  other 
remark  to  make  about  it,  and  that  was  that  he  had  himself  invented  and  patented  it 
some  time  ago  I  It  was,  he  thought,  a  natural  development  of  his  alternator.  He 
was  glad  to  find  that  Professor  Forbes  had  had  the  same  idea,  because  that  shoved 
it  to  be  a  good  one.  Much  had  been  said  about  the  form  of  the  wave  yielded  bj 
alternators.  He  had  some  time  ago  made  an  experiment  with  the  first  of  lu» 
machines,  using  the  method  described  by  Professor  Ayrton,  and  fovmd  that  tbe 
curve  (Fig.  )  was  almost  a  sine-curve.  On  the  subject  of  the  lag  in  tnai- 
formers,  to  which  Professor  Ayrton  had  also  alluded,  he  might  be  allowed  to 
mention  that,  in  the  discussion  of  another  paper  by  the  author,  he  had  first  fitted 
the  fact,*  and  had  described  a  veiy  simple  experiment,  showing  that  the  prinuij 
and  secondary  currents  reached  their  maxima  and  minima  practically  at  the  same 
time." 

On  the  motion  of  the  President,  a  hearty  vote  of  thanks  iffts 
unanimously  accorded  to  Mr.  Mordey  for  his  very  interesting  and 
valuable  paper. 

The  President  announced  that  the  discussion  on  Mi,  Morde/s 
paper  would  take  place  at  an  extra  meeting  to  be  held  on  May  30. 

A  ballot  took  place,  at  which  the  following  were  elected:— 

Mefmber. 
George  Hookham,  M.A. 

Aaaociates, 


John  Boyes. 
William  Foggin. 


Philip  Peters. 
M.  G.  Simpson. 


Edwin  Thornton. 

8tude7it8. 
W.  H.  Merriman.  |  P.  Hawkins. 

Tlie  meeting  then  adjourned. 

/Google — 


:^itiz^dby^ 

*JoumaZ,  vol.  xrlL,  pp.  215,  2ie. 
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The  One  Hundred  and  Ninety-sixth  Ordinary  General  Meeting  of 
the  Institution  was  held  at  the  Institution  of  Civil  Engmeers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
May  30th,  1889— Sir  William  Thomson,  F.R.S.  (L.  &  E.), 
D.C.L,,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May 
23rd  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Institution 
were  announced. 

The  President  :  In  the  ordinary  course  I  should  propose  that 
these  names  be  suspended ;  but,  as  this  is  the  last  meeting  before 
the  recess,  it  has  been  usual  in  such  oases  to  propose  that  the 
candidates  be  balloted  for  the  same  evening,  I  beg  to  move  that 
that  course  be  followed  in  the  present  case. 

The  proposition  was  agreed  to  unanimously. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  :— 

From  the  class  of  Associates  to  that  of  Members- 
Richard  Lewis  Gousens. 

From  the  class  of  Students  to  that  of  Associates — 
Arthur  Henry  Lea. 

The  President  :  Before  the  discussion  on  Mr.  Mordey's  paper 
takes  place  I  will  ask  Mr.  Mordey  if  he  desires  to  make  any 
further  observations  in  reference  to  the  subject  with  which  it 


Mr.  MoRDEY :  As  time  did  not  permit  of  my  referring  at  the 
last  meeting  to  all  the  apparatus  that  I  have  here,  I  wish  to  be 
allowed  to  do  so  now. 

In  the  first  place,  I  would  say  that  the  series  of  experiments 
described  in  the  first  part  of  the  paper  was  not  quite  complete. 
In  order  to  render  it  complete  it  was  necessary  that  one  of  th^^^ 
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Fig.  5. — Annature  of  Alternator. 


Fig.  ♦». — Field -Magiict  of  Alternator. 
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alternators  should  be  run  as  a  motor,  developing  mechanically 
the  full  power  that  it  was  designed  to  give  electrically  as  a 
generator.  Since  the  last  meeting  I  have  been  able  to  do  this^ 
and  have  run  a  machine  which  is  intended  for  an  output  of 
37,500  watts,  as  a  motor  giving  50  horse-power  effective. 

The  armature  now  before  you  is  out  of  a  similar  machine 
(see  Fig.  5).  Fig.  6  is  useful  as  showing  the  exact  magnetic 
arrangement  of  the  field-magnet.  As  a  matter  of  fact,  this 
figure  illustrates  the  magnet  of  the  first  machine  that  was  built. 
In  the  later  ones,  such  as  are  shown  by  Figs.  8  and  9,  there  is  a 
slight  difference  of  construction,  the  horns  of  the  magnet,  which 


Fio.  7. — Mordey- Victoria  Alternator. 

are  seen  as  quite  separate  in  Fig.  6,  being  joined  by  a  cast  web 
on  the  outside,  for  the  prevention  of  air  disturbance  when 
running.  The  whole  machine  is  shown  in  Fig.  7.  The  arma- 
ture has  18  coils,  and  is  wound  for  2,000  volts.  Here  is  one 
coil  [shown]  which  you  will  find  only  weighs  two  or  three  poimds, 
complete  with  its  supports.  Each  coil  is  capable  of  working 
at  about  3  horse-power.  --  8 
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A  machine  of  exactly  the  same  type,  but  of  a  larger  size,  is 
shown  by  Figs,  8  and  9.  This  machine  is  for  an  output  of  100 
horse-power,  as  generator  or  as  motor.    It  runs  at  500  revolutions.      I 


— dl  a! — — 

Fig.  8.— 100  H.P.  Alternator  with  Exciter. 

Fig.  8  is  a  longitudinal  elevation,  partly  in  section,  80  as  to 

show  the  construction  of  the  magnet,  and  the  method  of  mounting 


niriiti7pH  hv  V-|i)C)*^H^ 

thejarmature  coils.    The  exciter,  which  is  driven  direct,  is  carried 
on  a  bracket  at  one  end  of  the  machine. 
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Fig.  9  is  an  end  elevation,  partly  in  section.  The  annatnre 
-coils  are  shown  at  the  right  of  the  upper  part  of  the  figure,  while 
at  the  left  they  are  removed  in  order  to  show  the  pole  feces. 

I  have  here  an  automatic  regulator,  which  may  be  used 
either  for  alternate  or  direct  currents.      For  alternate-current 


Fio.  10. — Compoand  Relay. 

working  it  is  made  to  act  on  the  field  of  the  exciter,  which  it 
varies  so  as  to  maintain  a  constant  potential  difference  either  at 
the  terminals  of  the  alternator,  or  at  any  distant  point  of  the 
mains.  -  - 


gle 
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r'«iiiaiiflii!;;r'^'?;^;!;'!;r,:;u;ii.ij,i''m^ 

Fig   U.— Regnlator. 


It  comprises  a  relay  (Fig.  10) 
and  a  regulator  (Fig.  11).  The 
former  is  the  brain,  the  latter 
the  muscle.  The  relay  (Fig.  10) 
is  a  core  and  solenoid  arrange- 
ment very  simply  made  to  be 
as  sensitive  as  possible.  Every 
care  was  taken  to  get  rid  of 
reaction,  and,  as  a  consequence, 
it  will  work  with  a  range  of  one- 
half  per  cent. 

The  core  of  the  relay  is  made 
to  move  a  contact-making  ann 
which,  by  two  mercury  contacts, 
controls  the  circuits  of  two 
coils  on  the  regulator  proper. 
This  regulator  is  illustrated  by 
Fig.  11.  The  construction  is 
very  simple.  A  large  copper 
or  brass  vessel,  filled  with  oil  or 
water,  contains  a  float  made  of 
thin  sheet-iron.  This  iron 
vessel  acts  both  as  a  float  and 
as  the  movable  core  of  a 
solenoid.  The  outer  vessel  is 
provided  with  two  coils  of  wire 
controlled  by  the  relay  and 
energised  by  current  firom  the 
exciter.  Below  is  a  liquid  resist- 
ance comprising  two  fixed  lead 
plates  in  dilute  sulphuric  acid 
or  other  solution.  A  third  lead 
plate,  bent  down  at  the  ends  to 
approach  the  fixed  plates,  is 
supported  by  the  float,  and  by 
its  movement  varies  the  liquid 
resistance.  o  " 
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The  arrangement/  besides  being  simple  and  nnlikely  to  get 
out  of  order,  is  very  sensitive,  the  float  providing  an  almost  fric- 
tionless  method  of  support,  without  any  troublesome  mechanism. 


Fig.  12. — Mordejr  Transformer. 
The  float  is  balanced  to  remain  in  any  position,  from  which  it  is 
only  moved  when  an  impulse  is  received  from  the  relay. 

I  said  that  every  care  was  taken  to  prevent  reaction  in  theyj 
relay.     The  reverse  is  done  with  the  regulator.      By  allowing 
VOL.  xvm.  44 
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considerable  inductive  reaction  in  conn^cticKft  "with  the  regulator 
coils,  it  has  been  possible  not  only  to  stop  •  the  moiidn  of  tlie 
floating  core  very  quickly,  but  actually  to  enable  it  to  make  a 
slight  backward  movement  on  the  cessation  of  the  impulse  from 
the  relay.  In  this  way  any  tendency  to  "  hunt  ^  may  be  checked. 
It  should  be  explained  that  the  figures  (10  and  11)  are  not  to  the 
same  scale.     The  former  is  much  less  reduced  than  the  latter. 

Some  transformers,  impedance  coils,  and  a  synchroniser 
are  on  the  table.  I  need  not  pause  to  describe  them  further. 
The  transformers  (Fig.  12)  have  already  been  explained  at  a 
previous  meeting.     (Jaurncdy  vol.  xvii.,  p.  115.) 

I  have  said  that  I  did  not  approve  of  iron  in  the  armatures  of 
alternators,  but  I  wish,  nevertheless,  to  be  allowed  to  describe  a 
machine  with  iron,  not  in,  but  outside  of  its  armature.  I  have 
called  it  a  **  single-coil  alternator."  It  is  not  a  machine  that  I 
have  made,  but  it  is  in  some  respects  an  outcome  of  the  machine 
already  shown  to  you.  I  simply  describe  it  as  showing  one  way  of 
making  an  alternator.  In  the  first  machine  (Figs.  5  to  9)  there 
is  only  one  field  coil  for  the  whole  excitation,  instead  of  the  large 
number  of  coils  usually  employed.  This  principle  has  been  carried 
further  in  the  design  shown  in  Figs.  13  and  14,  and  in  the  model 
before  you,  which  illustrate  a  machine  in  which  there  is  only  one 
simple  stationary  field  coil,  and  one  simple  stationary  armature 
coil,  for  any  speed  or  periodicity.  The  figures  and  model  probably 
explain  themselves.  The  field  winding  surrounds  a  cast-iron 
rotating  cylinder,  having  gaps  or  notches  at  tHe  ends  so  as  to  allow 
the  lines  of  force  to  pass  alternately  round  the  field  winding  and 
round  the  field  and  armature  windings.  In  this  way,  with  every 
part  fixed  except  the  rotating  cylinder,  an  alternating  E.M.F. 
is  obtained  in  the  armature  coil,     [^Modd  shown,'] 

Fig.  13  is  taken  from  a  set  of  drawings  made  about  eighteen 
months  ago,  and  illustrating  several  ways  of  canying  out  the 
principle. 

A  18  the  armature  coil,  F  the  field  coil.  The  field-niagnet 
poles  are  shown  at  n^i,  as.  The  laminated  iron  masses,  wfakh 
carry  the  lines  of  force  alternately  outside  and  inaid^  the  annature 
coil,  are  marked  1 1  and  KK.  - . ^  - 
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1 1  must  mention,  as  one  of  the  coincidences  that  so  often  occur 
in  these  matters,  that  a  few  weeks  ago,  in  the  discussion  on  Mr. 

Single    Coil  Alternebtor. 

Mordey. 


Fig.  13. 

Kapip's  paper  at  the  Institution  of  Civil  Engineers,  Professor 
Forbes  described  an  almost  identical  machine— a  machine  similar 
in  nearly  every  respect  to  Fig.  13. 

c 


Secfion  thro  CD. 


Section  thr&AB. 


Fio.  14. 


I  should    prefer  the  later  form  seen  in  Fig.  14,  for  the  , 
reasons  that  the  field  coil  is  stationary  as  well  as  the  armature. 
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and  that  it  is  very  easy  to  remove  the  field-magnet  without 
disturbing  any  other  part  of  the  machine.  Some  of  the  qualities 
of  this  type  of  machine  are  further  alluded  to  in  the  Appendix 
(page  629). 

Since  the  last  meeting,  Mr.  Baworth  has  devised  a  veiy 
interesting  and  practical  method  of  experimentally  ascertaining 
the  shape  of  the  E,M.F.  curves  of  alternators.  This  enables  u? 
to  decide  actually  by  experiment,  not  only  the  shape,  but  the 
relation  between  the  curves,  both  of  E.M.F.  and  current ;  and  of 
investigating  these  matters  in  a  way  that  cannot  fail  to  prodnee 
very  useful  results.  I  hope  that  during  the  discussion  he  will 
explain  this  method  fully, 

I  have  received  a  good  many  letters  during  the  last  few  days, 
and,  as  they  form  part  of  the  discussion,  I  may  be  allowed  to 
refer  to  one  or  two  of  them. 

Lord  Eayleigh  kindly  sends  me  a  copy  of  an  article  in  the 
PhUoaophiccd  Magazine  for  May,  1886,  in  which  he  deals  with 
the  question  of  virtual  resistance  of  straight  conductors  with 
alternating  currents,  and  arrives  at  conclusions  which  are  prac- 
tically those  given  in  the  paper.  My  figures,  as  I  stated,  were 
worked  out  from  the  data  given  by  Sir  William  Thomson  in  his 
Presidential  Address,  and  from  some  further  figures  that  he  was 
good  enough  to  give  me  afterwards.  Lord  Bayleigh,  in  his 
letter,  gives  a  formula  for  virtual  resistance  which  is  all  that  i$ 
wanted  as  a  guide  to  practice.    For  copper  it  is 

where  a  is  the  radius  in  centimetres,  and  t  the  complete  period. 

The  article  seems  to  have  been  the  first  recognition  of  the 
fact  that  the  increase  of  resistance  due  to  non-uniform  distri- 
bution of  current  over  the  section  of  a  conductor  was  an  efifeet 
that  might  be  serious  in  practice.  The  following  extracts  ara  of 
interest  as  bearing  on  more  than  one  matter  of  importance  at  the 
present  time : — 

Referring  to  the  mathematical  examination  :  —  **  These 
"  results  are  merely  very  special  cases  of  a  general  law,  from 
"  which  we   may  learn   that  as   the   frequency  jofL  alternation 
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"  gradually  increases  from  zero  to  infinity,  there  is  a  steady  rise 
"  of  resistance  and  accompanying  fiiU  of  self-induction.  The 
^application  of  the  general  idea  to  the  present  case  is  very 
"  simple.  At  slow  rates  of  alternation,  the  distribution  of 
"  current,  being  such  as  to  make  the  resistance  a  minimum,  is 
^  uniform  over  the  section ;  and  this  distribution,  since  it 
*^  involves  magnetisation  of  the  outer  parts  of  the  cylinder,  leads 
"  to  considerable  self-induction,  especially  in  iron.  On  the  other 
**  hand,  where  the  rate  of  alternation  is  very  rapid,  the  endeavour 
**  is  to  make  the  self-induction  a  minimum  irrespective  of  resist- 
"  ance.  This  object  is  attained  by  concentration  of  the  current 
^*  into  the  outer  layers.  The  magnetisation  of  the  conductor  is 
"  thus  more  and  more  avoided,  but,  of  course,  at  the  expense  of 
"  increased  resistance.  We  may  gather  from  the  general  argu- 
'^  ment  .  .  .  that  as  p  increases  without  limit,  K  also  be- 
"  comes  infinite,  while  the  part  of  L'  depending  upon  the 
"  magnetisation  of  the  conductor  tends  to  zero. 

"The  increase  of  resistance  proper  (not  merely  of  the 
"  *  throttling '  due  to  the  combined  efifect  of  resistance  and  self- 
"inductios)  in  iron  wires  of  moderate  diameter  subjected  to 
"varying  currents  is  one  of  the  most  striking  of  Professor 
"  Hughes's  results.  So  far  as  I  am  aware,  neither  Maxwell  nor 
"  any  other  theorist  had  anticipated  that  the  alteration  of  resist- 
"  ance  would  be  important  under  such  circumstances." 

Lord  Rayleigh  objects,  as  a  matter  of  nomenclature,  to  my  use 
of  the  word  "periodicity,"  and  prefers  the  word  "frequency." 
He  remarks  that  "  the  great  point  is  to  insist  that  vibration  shall 
"  always  mean  complete  vibration."  That  was  precisely  my  reason 
for  suggesting  a  word  that  was  not  likely  to  lead  to  confusion. 
"  Vibration,"  "  frequency,"  "  reversal,"  "  alternation  " — the  words 
in  general  use — all  carry  an  uncertain  sound.  They  may  mean  one 
or  two  currents,  and  I  venture  to  disagree  with  Lord  Rayleigh 
when  he  thinks  it  better  to  use  a  word  which  requires  us  to  insist 
that  it  shall  mean  something  which  it  does  not  necessarily  mean 
if  left  to  itself.  As  an  instance  of  the  lengthy  explanation  which 
I  wish  to  avoid,  I  may  refer  to  Lord  Rayleigh's  paper,  from  which  g[e 
I  have  already  quoted.    He  there  says,  "From  an  alternate- 
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<<  current  machine  we  may  have  ctirrents  of  period  *01  aeooiid  (100 
'^  positive  and  100  negative  pulses  per  second)." 

But  if  my  use  of  the  word  "  periodicity  "  is  not  aUowaUe,  let 
me  put  in  a  plea  for  the  sign  /^\y  as  rendering  confiaBioD 
impossible. 

Professor  Ewing  writes  from  Dundee  criticising  my  pape^ 
He  says : — ^^  I  am  sorry  I  cannot  be  present  to  hear  it  discussed; 
"  if  I  were,  there  are  just  two  remarks  I  should  like  to  make 
^^  about  your  plan  of  distinguishing  between  loss  of  energy  by 
^^  magnetic  hysteresis  and  loss  by  eddies  in  the  armatures  of 
"  dynamos.  Your  plan  is,  of  course,  based  on  our  taking  the  losB 
**  by  hysteresis  (under  constant  excitation  of  the  field)  as  pnJpo^ 
^^  tional  to  the  speed,  and  the  loss  by  eddies  as  proportional  i^ 
''  the  square  of  the  speed.  But  we  cannot  be  sure  that  the  loss 
"  by  hysteresis  is  proportional  to  the  speed,  especially  when  the 
'^  speed  is  high.  The  process  of  assuming  magnetisation,  on  the 
^'  part  of  soft  iron,  takes  some  time,  and  we  have  little  or  bo 
'^  information  at  present  as  to  how  far  this  fact  affects  the  loss  of 
**  energy  by  magnetic  hysteresis  in  rapidly  performed  cycles. 

"  Again,  as  to  the  eddy  current,  you  say,  *  The  resistance 
"  *  (that  of  the  iron)  being  constant,  the  eddy  currents  must  vaiy 
"  '  as  the  first  power  of  the  speed,  and  the  loss  therefix)m  as  the 
"  *  square  of  the  speed.'  But  will  not  a  cause  which  you  refer  to 
"  further  on — viz.,  the  impedance  of  the  eddy  circuits— operate 
"  even  at  low  speeds  to  make  the  strength  of  the  eddies  increase 
"  less  rapidly  than  the  speed,  and  the  loss  of  energy  throngh  j 
"  them,  consequently,  to  increase  less  rapidly  than  the  square  of 
"  the  speed  ? 

"The  general  effect  of  this  will  be  to  give  the  magnetic 
"  hysteresis,  as  estimated  by  your  method,  a  lower  value  than  it 
"  ought  to  have. 

"I  mention  these  points  only  by  way  of  showing  that  the 
"  method  is  open  to  aome  little  uncertainty.  The  fact  that  in  the 
"  example  you  have  taken  the  hysteresis  has  a  calculated  valoe 
"just  such  as  one  would  expect  it  to  have  no  doubt  goes  a  go*^ 
"  way  to  show  that  the  method  is  in  the  main  a  sound  one." 

Now,  I  think,  these  objections  raised  by  Professor  Ewing  are 
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really  dealt  with  in  the  paper.  As  to  the  first  point  it  may  be 
taken  that  for  any  range  of  speed,  so  long  as  the  E.M.F.  is  found 
to  be  proportional  to  speed,  the  assumption  of  magnetisation  must 
be  considered  as  being  the  same  throughout  (see  page  624). 

As  to  the  second  point,  that  the  impedance  of  the  eddy  cir- 
cuits will  operate  even  at  low  speeds  to  make  the  strength  of  the 
eddies  increase  less  rapidly  than  the  speed,  it  will  be  found,  on 
referring  to  Fig.  3,  and  to  the  explanation  given,  that  the  increase 
is  only  proportional  up  to  30  /^"Xy  per  second  (see  page  625). 
Below  this  the  law  on  which  the  method  is  based  apparently  holds 
good.  At  higher  speeds  there  is  a  falling  oflF  shown  by  the  differ- 
ence between  the  full  line  ON  and  the  dotted  line  springing  from  it. 

I  quite  agree  with  Professor  Ewing  that  these  points  show  the 
method  to  be  open  to  some  uncertainty,  but  an  examination  of 
the  results  obtained  experimentally  show  clearly  what  limitations 
it  is  necessary  to  impose  upon  the  application  of  the  method,  and 
within  those  limitations  I  venture  to  submit  that  the  method  is 
quite  applicable.  I  should  mention  that  the  curves  (Fig.  3)  were 
from  many  careful  and  concordant  tests. 

Mr.  Zipemowski  writes  that  he  intends  taking  part  in  the 
discussion  in  writing.  His  experience,  and  that  of  his  firm,  has 
been  very  large,  and  I  hope  that  we  shall  have  his  contribution 
in  the  Journal,  with  the  paper. 

Dr.  John  Hopkinson  \rtadi  m  his  unavoidable  absence  and  on  2'- , . 
his  behalf  by  Prqfessoi*  George  Forbes^ :  A  great  deal  might  be 
said  on  many  of  the  points  which  are  ably  discussed  in  Mr, 
JVIordey's  valuable  paper.     I  shall  confine  myself  to  brief  remarks 
on  one  of  them. 

Some  misapprehension  may  exist  as  to  the  conclusions  which 
legitimately  follow  from  the  theory  of  running  alternate-current 
generators  parallel,  which  I  gave  five  or  six  years  ago.  To  obtain 
a  great  control  of  one  machine  upon  another  it  is  not  of  itself 
desirable  to  have  any  large  self-induction,  as  Messrs.  Kapp  and 
Forbes  appear  to  think,  nor  is  it  desirable  to  have  it  as  small  as 
possible,  as  Mr.  Mordey  appears  to  think,  when  he  says, "  If  it  (self- 
**  induction)  were  absent  probably  the  machine  would  run  paralM" 
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Dr.  <<  all  right."    The  machines  will  best  control  each  other  when, 

Uopkinson. 

'j  y  being  the  self-induction,  is  equal  to  the  resistance  of  the 

armature  circuit  and  the  leads  to  the  junction  with  the  leads 
of  the  other  machine.  This  is  an  obvious  immediate  cooBe- 
quence  of  the  equation  of  paragraph  4  of  my  paper  read  before 
this  Institution  in  November,  1884.  If  Mr.  Mordey  adds  a  sub- 
stantial resistance  to  the  armature-circuit  of  each  machine,  such, 
for  example,  as  the  resistance  of  a  feeder,  he  will  find  it  less  easj 
to  run  parallel.  He  will  then  find  the  difficulty  somewhat 
diminished  by  adding  a  little  self-induction  to  each  armature- 
circuit. 

In  paragraph  3  of  the  same  paper  I  considered  connecting 
a  machine  to  a  circuit  of  different  potential,  and  I  pointed  oat 
the  limit  within  which  such  a  machine  would  work  as  a  motor. 
Let  us  consider  the  closely  analogous  problem  of  working  two 
machines  of  widely  different  fields  connected  togther  as  Mr. 
Mordey  has  done.  Let  the  machines  be  identical,  excepting  that 
one  shall  have  double  the  field  of  the  other,  and  let  them  he 
simply  connected  together  with  no  external  work,  the  equation  of 
currents,  modifying  those  of  paragraph  1  of  my  paper  to  suit  the 
case,  may  be  written — 

2yx  +  2rx  =  2E  sin.  ^^  +  E  sin.  ^  ^  i^"^'^\ 

E  r       .      2'rrt        2  ir  y  2  ir  n 

^  +  C    T    J 

\a^riZyy^  T  ^     COS.  ^        ; 

work  done  by  machine  of  greater  electromotive  force  in 
generating  electricity 

E*r  iE»  r  27rT    .    2  tt  7   .     2tt1 


^exai 

^  =    2  r.  Digitized  by  Google 


Now  suppose,  for  the  sake  of  example,  that 

2 
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work  done  J>r. , . 

E»ri         1  2,rT        1    .     2;rT>  "'^"~"- 

and  this  will  be  zero  if 

2  IT  T   ^   TT 

"~T~  -2' 

There  is,  therefore,  nothing  astonishing  in  two  such   machines 

running  together  ;    it  is  just  what  one  would   expect  if  the 

resistance  is  not  too  great  in  comparison  with  the  self-induction. 

The  potential  diflference  as  measured  between  the  two  machines 

„.     2irt        ,  ^    .     2'ir(t  —  t) 
=  E  sm.  —^ i  E  sm. \^ \ 

and  its  mean  square 

=  1-2(1  +«'  =  =^- 

It  thus  seems  that  my  old  theory  is  sufficient  to  predict 
all  the  results  obtained  by  Mr.  Mordey  in  regard  to  running 
alternators  in  parallel.  Its  imperfection  is  that  the  co-efficient 
of  self-induction  is  assumed  constant,  which  is,  in  fact,  not 
exactly  true.  To  treat  it  as  variable  renders  the  equations 
unmanageable. 

Professor  W.  Grylls  Adams  [read  in  his  unavoidable  absence  Professor 

^  Adams. 

and  on  his  behalf  by  Professor  S.  P.  Thompson'] :  The  principle 
of  the  parallel  working  of  alternate-current  dynamo  machines  was 
fully  established  by  Dr.  John  Hopkinson  in  1883,  and  it  was  with 
the  view  of  testing  or  proving  the  truth  of  this  principle  that  in 
July,  1884,  the  first  actual  successful  trials  in  this  direction  were 
made  by  me  at  the  South  Foreland  Lighthouse  on  the  running  of 
the  De  Meritens  alternate-current  magneto  machines  in  parallel. 
Dr.  Hopkinson  was  not  present  at  these  first  experiments,  but 
on  reference  to  my  paper,  read  November  13th,  1884,  it  will  be 
seen  that  I  then  and  there  established  the  fact  that  alternate- 
current  machines  worked  in  harmony  without  being  rigidly  con- 
nected, and  that  they  mutually  acted  and  reacted  on,  or  governed, 
one  another,  thus  giving  a  steadier  result  than  when  the  two 
machines  were  both  driven  yoked  together.  Also  it  will  be  found 
that  I  then  and  there  established  the  fact  stated  by  Mr.  Mordey 
in  his  paper,  that  the  question  of  alternate-current   parallel 
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aS!^'  working  very  largely  depends  upon  the  question  of  synchronising 
alternate-current  motonu 

For  as  soon  as  I  had  succeeded  in  getting  the  two  niachines  to 
work  in  harmony  when  driven  independently,  I  at  once  threw  the 
lamp  out  of  circuit,  and  threw  the  belt  off  one  of  the  machines, 
when  it  continued  to  run  at  the  same  uniform  speed,  being  drives 
as  a  motor  by  the  electric  current  from  the  other  machine.  In 
fact,  the  statement  that  the  working  of  altemate-K^urrent  machines 
in  parallel  very  largely  depends  upon  their  synchronising  as  motors 
is  very  simUed:  to  the  statement  that  tuning  forks  synchronise 
when  they  are  in  unison.     Of  course  they  do. 

On  the  same  occasion,  in  July,  1884, 1  made  the  very  interest- 
ing experiment  of  loading  the  driving  machine  with  an  arc  in  the 
external  circuits,  when  beats  were  produced  in  the  arc  from  the 
two  machines  getting  out  of  harmony ;  just  as  beats  are  given  by 
two  tuning  forks  when  one  is  loaded. 

These  beats,  produced  by  two  machines  working  together,  are 
beautifully  shown  in  Mr.  Mordey's  experiments,  both  when  the 
machines  are  nearly  in  unison,  and  also  when  one  is  running 
nearly  twice  as  fast  as  the  other — let  me  rather  say  when  one  is 
giving  nearly  the  octave  of  the  other. 

I  have  been  very  much  interested  in  Mr.  Mordey's  experi- 
ments, which  I  have  seen  since  our  last  meeting,  and  have  noted 
one  or  two  facts  to  which  I  would  draw  attention. 

When  one  machine  was  running  at  full  speed,  and  the 
speed  of  the  other  was  gradually  rising,  the  lamps  attached 
to  the  two  secondaries  were  first  fitful,  then  gave  beats  at 
first  rapid  and  then  slower,  until  the  two  were  in  harmony ; 
the  speeds  were  now  in  the  ratio  of  2  to  1,  or  one  was  the 
octave  of  the  other ;  then,  as  the  speed  increased,  the  beats  again 
became  rapid  and  then  irregular,  until  the  speed  of  the  second 
approached  nearly  to  the  first,  when  the  getting  into  unison 
was  accompanied  by  beats  regular  and  rapid,  then  slower  and 
slower,  until  they  blended,  just  as  in  the  tuning  of  two  musical 
instruments. 

Whether  Mr.  Mordey  has  made  the  experiment  successfully  I 
know  not,  but   I  see  no  reason  why  he  should  not  succeed  in 
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ronning  two  machines  together,  when  one  is  ranning  two  <>rJ2J^*' 
three,  or  even  four  times  as  fast  as  the  other,  provided  they 
harmonise  exactly.  Mr.  Mordey  has  given  us  the  octave  when 
he  drives  one  at  1,000  and  the  other  at  2,000  volts,  but  could  he 
not  also  give  us  the  12th,  or  even  the  double  octave,  and  combine 
together  666,  or  even  500,  with  2;000  volts,  giving  respectively 
an  E.M.F.  of  1,380  or  of  1,250  volts  ? 

On  page  592  Mr.  Mordey  has  stated  the  results  of  eight 
separate  and  distinct  experiments.  Five  of  these  experiments, 
viz.,  those  numbered  1,  2,  3,  6,  and  8  were  made  in  the  experi* 
ments  at  the  South  Foreland  in  1884  ;  also  the  second  machine, 
when  driven  as  a  motor,  was  made  to  do  work  on  a  friction  brake, 
and  gave  off  more  than  4  H.P.  Each  of  these  machines  absorbs 
4  H.P.  when  running  at  full  speed  with  the  circuit  open. 

In  another  experiment  at  the  South'  Foreland  three  machines 
were  driven  parallel  together  until  they  synchronised,  and  then 
the  belts  were  thrown  on  to  loose  pulleys  from  two  of  the 
machines,  and  they  were  both  driven  as  motors  by  the  current 
from  the  third  machine,  and  the  E.M.F.  at  the  terminals  of  the 
generating  machine  remained  the  same  as  when  the  three  were 
all  being  driven  together  in  parallel  circuit. 

In  another  experiment  three  machines  were  driven  parallel 
with  an  arc  in  the  external  circuit ;  the  belt  was  thrown  off  one 
of  the  machines,  which  continued  to  run  as  a  motor,  and  the  arc 
became  steadier  when  the  third  machine  was  being  driven  as  a 
motor  than  when  the  three  machines  were  all  driven  directly 
from  the  engine.  Also,  the  work  done  or  light  given  in  the  arc 
with  two  machines  in  parallel  was  considerably  less  than  the 
work  done  when  the  two  machines  were  supplying  the  arc  and  at 
the  same  time  driving  the  third  machine  as  a  motor. 

The  illumination  given  by  the  arc  was — 

(1)  13,500  candles  with  two  machines  alone  parallel. 

(2)  16,000  candles  with  three  machines  all  being  driven 

parallel. 

(3 )  17,300  candles  with  two  machines  driving  the  third  as 

a  motor. 
It  may  well  be  said  of  these   experiments  inMS^^fi^^^ 
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ASfmT'  ^<^^^  of  Mr.  Mordey,  "These  experiments  show  what  perfect 
"  self-governors  such  motors  are :  not  only  do  they  TnaintAin 
^^  synchronism,  but  they  possess  an  inherent  economy  which 
"  is  most  valuable.  Just  enough  current  passes  through  them 
"  to  keep  them  in  step,  and  to  do  the  work  imposed  on  them. 
"  They  become  generators,  and  do  work  on  the  circuit  if  from 
"  any  cause  there  is  a  tendency  for  them  to  run  faster  than 
"  the  generator."  When  we  enquire  the  cause  of  this  syn- 
chronising, to  what  can  we  attribute  it  but  to  the  self-induction 
of  the  circuit  ?  Indeed,  Mr.  Mordey's  experiment,  in  which  he 
puts  two  machines  on  the  same  circuit  when  they  are  not  in 
step,  but  running  at  the  same  rate,  shows  that  the  self-induction 
is  suflScient  to  bring  them  into  harmony  in  an  exceedingly  short 
time.  This  sudden  coming  into  step  is  no  doubt  due  to  the 
fact  that  there  is  not  much  iron  in  the  armature ;  but  the  strong 
quiver  and  groaning  of  the  motors  accompanying  the  getting 
into  step  is  very  sufficient  evidence  of  very  considerable  self- 
induction,  in  consequence  of  which  the  speed  of  one  machine 
is  suddenly  increased  and  of  the  other  is  as  suddenly  diminished. 

nSSlw  Major  P.  Cardew,  R.E. :  Mr.  Mordey,  on  page  607,  refers  to  the 

question  of  the  periodicity  at  which  the  temperature  visibly 
follows  the  variation  of  current.  A  good  many  years  ago,  when 
the  Swan  lamp  first  came  out,  we  tried  them  for  signalling  from 
balloons  by  making  the  lamps  flash,  and  we  very  soon,  of  course, 
found  that  if  the  current  were  simply  taken  on  and  oflF  the  lamp 
the  signalling  was  very  slow  indeed.  So  in  order  to  increase  the 
rapidity  of  signalling  by  the  key,  which  was  operated  from  below, 
we  merely  altered  the  current  by  causing  the  key  to  short-circuit 
a  certain  amount  of  resistance,  altering  the  volts  on  the  lamp 
about  20  per  cent. ;  they  were  50-volt  lamps,  and  we  kept  them 
burning  at  40  volts  through  resistance ;  and  when  we  put  the  key 
down  the  volts  were  increased  up  to  50,  by  cutting  out  the  resist- 
ance. The  difference  in  the  flash  was  very  visible,  but  not  too 
visible  to  be  quite  clear  at  a  distance,  and  we  found  we  could  get 
about  20  words  a  minute  on  the  key.  I  have  worked  that  out^  and 
it  is  something  like  what  Mr.  Mordey  writes  thus  ^A^,  a  periodi- 
city of  about  10  per  second.     That  is  much  below  what  most 
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alternators  are  run  at.    I  do  not  think  we  could  ever  get  it  really  gJ^J^. 
visible  and  distinct  over  20  words  a  minute. 

On  page  616  he  gives  four  possible  contacts,  a,  6,  c,  d,  and  says 
if  all  these  occurred  at  the  same  time  a  person  would  get  a  shock. 
That  is  as  much  as  to  say  that  there  is  the  extreme  improbability 
of  the  four  things  happening  simultaneously.  That  is  not  quite 
the  correct  way  to  put  it,  because  of  these  four  things  the  con- 
tact between  the  primary  mains  and  earth  is  a  thing  which  is 
always  unavoidable,  at  any  rate  when  circuits  have  been  up  some 
time ;  unless  the  greatest  care  is  taken  of  them  there  is  pretty 
sure  to  be  some  sort  of  contact  between  the  primary  mains  and 
earth,  and  the  contact  between  the  primary  and  secondary  in  a 
transformer  is  a  thing  which  may  happen  and  nobody  know  any- 
thing about  it ;  it  may  be  on  for  months.  So  that  those  two  con- 
tacts, a  and  6,  are  waiting  ready  for  a  person  to  make  the  third 
and  fourth  himself,  and  of  course,  even  then,  I  quite  grant  that  it 
may  happen  that  the  person  touches,  say,  the  secondary  conductor 
when  standing  on  a  dry  carpet  and  does  not  make  earth,  and  so 
might  not  receive  a  shock ;  but  if  he  does  not  receive  a  shock  he 
does  not  know  anything  about  this  fault  in  the  transformer,  and 
he  goes  on  touching  his  secondary  circuit  with  confidence  until 
some  occasion  when  he  does  make  earth  by  perhaps  touching  a 
gas-pipe  at  the  same  time ;  that  is  the  chance  of  course,  and  it  is 
obvious  that,  considering  the  result  of  this  happening,  it  is  worth 
while  taking  any  precaution  which  is  justifiable.  Mr.  Mordey 
does  not  see  any  objection  to  the  plan  of  earthing  the  secondary. 
Well,  as  regards  safety  to  life  from  shock,  I  do  not  suppose  any- 
body does:  it  was  the  very  first  thing  to  occur,  I  suppose,  to 
everybody  that  the  danger  to  life  was  got  over  by  earthing  the 
secondary.  But  when  you  come  to  consider  the  fire  risks,  I  am 
afraid  that  we  cannot  say  it  is  so  satisfactory.  There  is  no  doubt 
that  putting  a  connection  to  earth  on  a  100-volt  circuit,  which  is 
what  it  comes  to,  because  this  secondary  circuit  has  generally  lOQ 
volts,  does  increase  the  fire  risk,  especially  where  the  wires  are 
laid  under  floors,  and  perhaps  in  close  contact  with  metal  pipes. 
Nobody  really  recommends  earthing  a  100-volt  circuit  as  a  regular 
thing.  .  -        ^  - 
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sinjor  Mr.  W.  M,  MoRDEY :  I  do. 

Cardew. 

Major  Gabdew,  R«E.  :  I  beg  pardon.  Mr.  Mordey  is  perfecUv 
consistent  if  he  earths  a  lOQ-volt  circuit  and  does  not  consider 
that  that  increases  the  danger  or  gives  any  danger  of  fire ;  he 
has  got  to  persnade  the  fire  companies  to  that  effect,  and  then 
it  will  be  all  right.  As  far  as  the  direct  shock  goes,  everybody 
is  satisfied  if  the  circuit  is  earthed.  Talking  of  that,  there  is 
a  general  impression,  and  I  have  always  understood,  that  the 
Westinghouse  Company  did  earth  the  secondary,  but  their 
representative^  who  has  specially  come  over  here,  distinctly 
denies  that  they  do.  I  should  like  to  know  whether  any 
American  company  using  transformers  do  earth  the  secondaries 
or  not. 
gr.  .  Dr.  J.  A.  Fleming:   Some  points  which  I  had  intended  to 

deal  with  in  Mr.  Morde^s  interesting  paper  have  already  be^ 
touched  upon  in  the  remarks  of  previous  speakers,  and  nothing 
further  need  be  said  by  me  upon  them,  but  there  are  one  or 
two  as  yet  undealt  with.  At  the  end  of  his  paper  Mr.  Mordey 
refers  to  the  question  of  the  life  of  lamps  used  with  alternate 
or  direct  currents.  We  have,  of  course,  the  broad  expeiieDce 
of  Europe  and  America  on  this  point.  There  are  some  instances, 
however,  of  the  systems  running  side  by  side,  as  at  Mibm. 
When  at  Milan  lately,  I  put  the  question  to  Mr.  lieb  whether 
he  thought  there  was  any  difference  in  the  lamp  life  of  the 
theatres  which  were  lighted  by  alternate  and  by  direct  curroits. 
Two  theatres  are  lit  by  Zipemowski  machines  at  a  distance  of 
1,800  metres  from  the  station.  Then  there  are  other  theatres 
which  are  not  very  &r  away  from  these,  which  are  on  the 
direct  current  circuits,  and  in  all  these  theatres  the  lamp  life 
is  about  the  same.  The  regulation  of  the  alternating  current 
machines  is  there  carried  out  very  carefully,  for  the  particular 
reason  that  the  electric  lighting  company  has  to  replace  all 
the  lamps  in  which  the  filaments  are  broken  by  the  current; 
the  customers  replace  lamps  if  they  are  mechanically  broken. 

Then,  coming  to  a  previous  point  in   Mr.  Mordey's  paper 

with  reference  to  the  curve  which  he  has  drawn,  showing  the 

_     relative  amount  of  waste  energy  in  the  transformer  at  different 
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peripdidties,  I  should  like  to  throw  out  a  suggestion  for  his  ^^ 
eozisideration.  If  I  understand  those  cu^es  aright,  they  mean 
this^  that  with  a  periodicity  of  100  per  second,  the  total  heat  in 
the  transformer  is  less  than  at  125,  and  less  also  than  at  75.  Tlie 
suggestion  that  I  would  make  is  this,  that  this  is  determined 
by  the  relative  waste  of  energy  produjeeci  by  the  eddy  currents 
and  that  produced  by  the  viscous  hysteresis.  We  have  reason 
to  believe  that  the  waste  du^  to  hysteresis  increases  with  the 
speed,  and  thearefoire  at  a  high  speed  one  would  expect  increased 
heating  due  to  this  cause.  On  tJae  other  hand,  •  at  low 
frequencies  the  eddy  currents  are  better  able  to  find  their  way 
farther  into  the  iron  and  to  waste  more  energy.  Hence,  at  a 
certain  frequency  there  must  be  a  minimum  of  heating  in  the 
transformer  core. 

Betuming  to  the  main  subject  of  interest  in  Mr.  Mordey's 
paper,  the  working  of  these  altemating-<^urrent  machines  in 
parallel,  I  think  we  must  be  indebted  to  Mr.  Mordey  for. calling 
our  attention  afresh  to  the  fact  that  successful  working  in  parallel 
is  possible.  In  order  to  secure  a  practical  working  of  the  machines 
in  parallel,  it  is  not  merely  necessary  that  they  should  bring  one 
another  into  phase  when  one  machine  lags  behind  the  other, 
but  that  there  should  be  considerable  stability  when  in  step. 
The  force  of  restoration  when  disturbance  of  unison  occurs  must 
be  great.  What  is  really  required  is,  that  as  soon  as  one  machine 
lags  slightly  behind  the  other,  the  forces  which  are  brought  upon 
that  machine  to  bring  it  into  phase  again  must  act  strongly  and 
quickly.  The  actions  which  must  take  place  in  order  to  secure 
this  must  be  of  such  a  nature  that  t^e  apiature  of  the  machine 
which  is  lagging  behind  is  pushed  up  promptly  again  into  its 
position.  That  is,  of  course,  putting  the  matter  very  roughly, 
but.it  really  is  determined  by  the  form  of  the  E.M.F,  curve  of  the 
machine. 

I  do  not  desire  to  indulge  in  minute  criticisms  on  a  paper 
which  is  so  very  interesting  as  this  one  is,  but  I  do  not  like  to  see 
Mr.  Mordey  use  the  word  "  magnetisation  "  at  the  end  of  his  paper 
for  what  is  generally  spoken  of  as  "  induction."  The  word  mag- 
netisation has  a  definite  meaning ;  it  is  used  for  the  intensity j>t 
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Dr.  ,  magnetisation,  and  it  seems  undesirable  to  take  from  the  word 
the  perfectly  definite  signification  which  it  now  has,  to  use  it  for 
what  is  generally  known  as  the  induction.  It  is  perfectly  true 
that  the  word  induction  is  a  very  hard-worked  word,  but  it  is, 
notwithstanding,  generally  well  understood. 

Mr.  Kapp.  ]y[j.^  GiSBERT  Kapp  :  It  is  customary  for  the  various  speakers 

to  compliment  the  author  on  the  merits  of  his  paper,  and  some- 
times their  doing  so  is  rather  a  formality.  In  the  present  in- 
stance, however,  I  am  quite  sure  you  will  not  take  it  to  be  a  mere 
formality  when  I  express  high  appreciation  of  this  very  interesting 
paper.  I  trust  you  will  agree  with  me  that  his  paper  is  one  of 
the  best  contributions  our  Society  has  ever  had.  The  experi- 
mental facts  brought  before  us  are  of  great  value,  and  in  esti- 
mating this  value  we  must  not  allow  ourselves  to  be  influenced 
by  the  author's  attempt  to  use  these  fewts  in  upsetting  a  well- 
established  theory.  In  this  he  has  failed,  but  his  facts  neverthe- 
less remain  all  right,  and  are  certainly  of  great  practical  importance. 
In  the  beginning  of  his  paper  he  gives  a  quotation  taken  from  a 
recent  paper  of  mine  where  I  say  that  self-induction  is  necessary 
to  parallel  working.  He,  on  the  contrary,  says  that  the  absence  of 
self-induction  and  the  absence  of  resistance  is  the  essential  quality 
in  an  alternator,  in  order  that  it  may  synchronise  and  work  as  a 
motor;  and  his  reasoning  is  apparently  sound.  He  shows  a 
characteristic  of  one  of  his  alternators,  from  which  it  appears 
that  self-induction  only  absorbs  2}  per  cent,  of  the  total  E.M.F., 
and  this  alternator  is  then  put  to  work  as  a  motor,  and  the 
experiment  succeeds  perfectly.  From  this  experiment  he  con- 
eludes  that  a  machine  without  self-induction  would  be  the  best 
possible  motor.  He  was  kind  enough  to  show  on  Friday  last  to 
several  of  his  friends  the  experiments  quoted  in  the  paper,  and  all 
succeeded  perfectly.  Amongst  these  experiments  was  one  which 
could  not  possibly  be  performed  if  the  machines  were  devoid  of 
self-induction  or  some  equivalent  property.  I  refer  to  the 
coupling  in  parallel  of  two  machines  running  at  the  same  speed, 
but  differently  excited,  one  to  give  2,000,  and  the  other  only  1,000, 
volts  terminal  pressure.  When  these  two  machines  were  put  in 
parallel  the  drop  in  pressure  of  the  2,000-volt  machine  was  500 
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volts,  and  the  rise  in  pressure  of  the  1,000-volt  machine  was  500  Mr  Kapp. 
volts,  the  pressure  between  the  coupling  up  leads  and  in  the 
external  circuit  generally  being  1,500  volts.  Now,  it  is  quite 
evident  that  in  this  case  the  characteristic  of  the  generator  can- 
not have  been  the  very  flat  curve  shown  in  the  author's  diagram 
in  which  the  small  drop  of  pressure  (about  2^  per  cent.)  is 
supposed  to  be  due  to  very  small  self-induction.  The  fall  in 
pressure  was  something  like  25  per  cent.,  and  this  cannot  possibly 
be  due  to  ohmic  resistance,  since  the  latter  was  small,  and  the 
author  does  not  suggest  that  any  very  large  current  passed 
through  the  two  machines.  We  are  therefore  face  to  face  with 
this  very  curious  and  apparently  inexplicable  experiment :  here  is 
a  machine  which  is  supposed  to  have  very  little  self-induction, 
and,  indeed,  gives  an  almost  constant  terminal  pressure  when 
used  with  an  inductionless  resistance  in  the  external  circuit,  but 
as  soon  as  we  use  that  machine  as  a  generator  in  connection  with 
a  similar  but  weaker  machine  working  as  motor,  the  terminal 
pressure  is  by  no  means  constant,  and  there  is  a  considerable 
drop.  Now  this  drop  cannot  be  due  to  anything  else  but  self- 
induction,  or  some  property  eqiiivalent  to  self-induction,  and  I 
was  at  first  greatly  puzzled  how  to  account  for  the  different 
behaviour  of  the  machine  in  the  two  cases.  As  Mr.  Mordey,  in 
his  paper,  has  merely  recorded  the  experiment,  but  has  not 
attempted  to  explain  it,  I  shall,  with  your  permission,  make  this 
attempt.  At  the  outset  I  must  confess  to  having  been  in  error 
when  I  assumed  that  the  armature  of  this  machine  has  only  an 
inappreciable  self-induction,  and  I  must  thank  Mr.  Mordey  for 
having  put  the  quotation  referring  to  this  matter  into  his  paper? 
and  thus  shown  me  that  I  was  wrong. 

I  am  afraid  that  all  of  us  who  have  worked  with  alternating- 
current  machinery  have  gone  wrong,  more  or  less,  on  this  question 
of  self-induction.  In  the  first  place  we  have  been  in  the  habit  of 
considering  the  armature  as  a  thing  by  itself,  without  taking 
account  of  the  influence  of  the  field  magnets,  and,  secondly,  we 
did  not  distinguish  between  what  is  properly  called  self-induction 
and  an  equivalent  property,  which  might  better  be  described  aa^ 
magnetic  change.  This  armature,  as  it  stands  on  the  floor 
VOL.  xviu.  45 
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Hr.Kapp.  removed  from  its  field  magnets,  has  probably  very  little  self- 
induction.  It  must,  of  course,  have  some  self-induction.  To 
expect  that  a  dynamo  machine  should  be  absolutely  without 
self-induction  would  be  as  unreasonable  as  to  expect  that  a  steam 
engine,  turbine,  or  other  mechanical  apparatus  should  have  no 
inertia.  Now,  although  the  armature  may  have  only  little  self- 
induction  when  by  itself,  when  it  is  put  into  its  field,  the  self- 
induction  must  be  considerably  increased,  as  can  be  easily  seen 
by  reference  to  the  drawings  of  the  machine. 

Now  if  you  look  at  the  wall  diagram,  showing  a  section  of  the 
machine  taken  parallel  to  the  shaft,  and  consider  only  the  coil 
which  is  shown  between  the  two  field  poles,  you  can  regard  it  as 
a  short  solenoid,  the  two  field-pole  pieces  forming  its  iron  core. 
It  is  obvious  that  in  this  position  the  coil  must  have  great  self- 
induction.    The  coil  next  to  it,  which  lies  between  neighbouring 
poles,  has  a  minimum  of  self-induction,  since  there  is  no  iron 
circuit  through  it.    The  third  coil  will  have  again  a  maximuTn  of 
self-induction,  the  fourth  coil  a  minimum,  and  so  on.    Half  the 
total  number  of  coils  have  therefore  very  great,  and  the  other  half 
very  small,  self-induction.     Now  consider  the  position  of  the  ooils 
a  quarter  period  later.     One  side  of  each  individual  coil  is  now 
between  the  polar  faces,  the  other  side  is  beyond  them.     Each 
coil  can  now  be  considered  as  a  solenoid  only  partially  supplied 
with  an  iron  core,  and  its  self-induction  must  therefore  be  less 
than  it  was  when  coinciding  with  the  pole  fEices.     Since,  however, 
all  the  armature  coils  (and  not  only  one  half  their  number)  are 
now  provided  with  iron  cores,  the  self-induction  of  the  armature 
taken   as  a  whole  must  still  be  considerable.     As  long  as  the 
machine  is  working  upon  an  inductionless  resistance,  this  self- 
induction  (which,  although  subjected  to  periodic  variation,  can 
never  be  zero)  is  the  principal  cause  of  the  2|.  per  cent,  drop  in 
terminal  pressure,  as  recorded  in  the  paper.      But   when   the 
machine   supplies  a  circuit   of  sensible  self-induction,  another 
cause  tending  to  lower  the  terminal  pressure  comes  into  play.    It 
is  what  I  have  before  called  magnetic  change.    When  there  is 

little  lag  of  current  behind  induced  E.M.F.,  the  maximum  corrent 

through  the  armature  occurs  very  nearly  at  the  time  when  each 
oil  is  only  half  covered  by  polar  faces.    In  this  position  the 


1889.]  DISOUSSIOK.  655 

current  through  alternate  ooils  tends  to  magnetise  the  field  poles  Mr.  Kapp. 
more  strongly,  and  that  through  the  intermediate  coils  tends  to 
demagnetise  them,  the  two  eflfects  very  nearly  eliminating  each 
other.    If,  however,  there  is  a  considerable  lag  of  current  behind 
induced  E.M.F.,  the  maximum  current  occurs  when  each  alternate 
coil  is  more  nearly  covered  by  the  polar  faces,  and  the  current 
through  these  coils  tends  to  demagnetise  the  field,  that  through 
the  intermediate  coils  having,  by  virtue  of  their  position  at  the 
time,  no  elBfect,  or  only  a  very  small  effect,  in  strengthening  the 
field.     In  the  machine  which  acts  as  a  motor  the  opposite  takes 
place;  the  current  in  the  coils  which  &ce  the  poles  tends  to 
strengthen  their  magnetisation,  whilst  the  intermediate  coils  have 
very  little  effect,  or  no  effect,  in  weakening  them.     We  have  thus 
superimposed' upon  the  effect  due  to  what  may  properly  be  called 
self-induction  a  certain  effect,  which  is  due  to  magnetic  change, 
and  which  only  comes  into  play  if  there  is  considerable  lag.    The 
field  of  the  generating  machine  is  weakened  by  the  armature 
current,    and    that    of   the    receiving    or    motor    machine    is 
strengthened  by  the  current  through  its  armature,  and  in  this 
manner  it  is  possible  that  the  original  terminal  pressure  of  the 
generator  may  drop  by  500  volts,  and  that  of  the  motor  may 
rise  by  an  equal  amount. 

Mr.  J.  Swinburne  :    I  should  like  to    add  to    Mr.  Kapp's  Mr. 

^^     Swinbame. 

compliment  to  Mr.  Mordey's  paper,  if  such  a  thing  were  possible. 
It  is  eminently  a  paper  by  an  electrical  engineer  for  electrical 
engineers,  and  is  therefore  the  sort  of  paper  wanted  here.  For 
my  part,  however,  I  disagree  entirely  with  Mr.  Mordey's  theory, 
that  his  motor  kept  in  step  because  it  had  no  self-induction.  If 
there  were  no  self-induction,  the  generator  would  have  no  control 
over  the  motor  at  all. 

It  seems  to  me  that  electrical  engineers  do  not  altogether 
realise  what  is  wanted  in  parallel  running.  That  alternating 
machines  tend  to  keep  in  step  is  already  perfectly  well 
known,  but  to  make  them  run  parallel  commercially  needs 
a  large  margin  corrective  tendency.  This  can  only  be  got 
by  making  the  machines  so  that  the  maximum  current  is  not 
at  the  same  time  as  the  maximum  E.M.F.  If  th^ 
machines    are  working    on    resistance,  this    means    merelv    a 
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fvlnbu  e  '^"^^^^^^  output ;  but  if  One  machine  is  working  another  as 
a  motor,  or  simply  controlling  it  as  a  lagging  generator,  the 
loss  by  resistance  in  the  armatures  is  excessive  in  proportion  to 
the  power  given  out.  This  means  that  the  machines  must  be 
made  larger  to  give  a  given  output.  They  must  also  be  som^ 
what  less  efficient. 

Mr.  Mordey's  attack  on  the  existing  theories  of  alternating 
current  machines  seems  unwarranted.  He  makes  a  number  of 
experiments,  and  gets  results  which  are  perfectly  in  accord  vith 
existing  theories ;  he  then  asserts  that  the  existing  theories  are 
wrong,  without  any  experimental  evidence,  and  gives  no  theory 
of  his  own  to  take  their  place.  That  his  own  machines  have 
considerable  self-induction  is  obvious  from  his  experiment  with 
the  2,000  and  1,000  volt  machines.  Apart  from  the  question 
whether  self-induction  kept  the  machines  in  step,  it  is  obvious 
that  there  would  have  been  an  enormous  current  through  both 
armatures,  if  there  were  no  self-induction.  I  do  not  mean  in  the 
least  to  undervalue  Mr.  Mordey's  experiments ;  the  degree  to 
which  alternators  can  control  one  another  was  not  fully  realised 
till  these  results  were  published. 

In  discussing  motors  I  do  not  want  to  repeat  anything  already 
said,  and  will  therefore  cut  my  intended  remarks  down.  Banning 
a  motor  from  a  single  dynamo  is  not  a  feir  test,  as  in  practice 
motors  will  be  run  from  supply  circuits. 

Passing  to  the  question  of  frequencies,  or  vibration  frequenci^ 
Mr.  Mordey's  comparisons  of  dynamos  seem  inaccurate  ;  and  it  is 
very  difficult  to  discuss  these  things,  owing  to  the  loose  vay 
"self-induction"  is  generally  used  by  electrical  engineers. 
Generally  speaking,  if  you  make  an  armature  of  a  given  size,  and 
allow  a  given  waste  of  power  in  it  which  admits  of  cooling  by 
ventilation,  a  larger  output  can  be  got  with  a  small  frequency. 
I  therefore  prefer  a  very  small  frequency,  and  I  thio^ 
Mr.  Crompton  will  here  agree  with  me. 

As  to  transformers.     In  comparing  converters  under  different 

loads   and  diflferent  circumstances  people   are  often    apt  to  b^ 

misled  by  taking  the  same  transformer  in  each  case.      The  best 

_  transformer  for  each   particular  use  should  be  taken  to  ff^^ 

results  of  any  value.      I   have  recently  made  a  large  number 
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of  transformer  calculations,  making  tables  for  different  circum-  swinbume. 
stances,  working  out  the  most  efficient  proportion  in  each 
case,  assuming  an  iron  induction  and  a  copper  current  density 
which  will  admit  of  practical  working.  I  find,  for  instance,  that 
a  60-light  transformer  can  be  made  to  give  92  per  cent,  efficiency, 
at  33  vibrations  per  second  at  full  load.  At  83  vibrations  per 
second  a  50-light  transformer  can  give  93  per  cent.  The  saving 
in  cost  of  material  is  fifteen  shillings,  or  about  fourpence  a  light, 
which  is  inappreciable.  A  house  transformer  may  be  taken  as 
running  at  full  load  for  an  hour  a  day.  Such  a  50-light  trans- 
former can  be  made  to  give  an  average  percentage  of  60  at  the 
low  frequency,  and  62  at  the  high.  Both  these  last  transformers 
are  prohibitive  in  price,  so  a  lower  efficiency  would  have  to  be 
tolerated.  In  the  case  of  a  two-hour-a-day  transformer  the 
efficiencies  are  higher,  being  70*5,  and  a  little  more  with  the 
higher  frequency. 

As  to  lamination,  I  think  Mr.  Mordey  over  estimates  the 
eflfect  of  eddy  currents.  His  experiments  do  not  really  distinguish 
between  eddy  currents  in  the  discs  and  variations  of  mechanical, 
or  of  air  friction,  and  eddy  currents  in  the  wire  and  in  the  hub 
of  the  armature. or  elsewhere.  I  recently  calculated  the  loss  by 
eddy  currents  in  a  laminated  direct-current  core,  but  the  results 
are  in  a  paper  not  yet  published  ;  I  may  mention,  however,  that 
they  are  exceedingly  small,  in  fact  generally  inappreciable.  Mr. 
Mordey*s  method  seems  exceedingly  ingenious,  but  the  results 
cannot  be  got  with  any  accuracy,  as  so  many  unwarrantable 
assumptions  have  to  be  made. 

There  are  several  methods  of  starting  alternate  current 
motors.  I  may  perhaps  be  allowed  to  mention  that  starting  by 
secondary  batteries  was  mentioned  in  a  patent  specification  of 
mine  in  1887.  The  exciter  may  have  its  field  magnets  laminated, 
and  the  alternating-current  can  be  turned  on  to  it  to  start  the 
motor.  This  is  in  a  specification  of  1886,  and  seems  to  me  a  still 
simpler  plan. 

Professor  S.  P.  Thompson:    There  is  one    most    pregnant ^^«sor^ 
remark    pointing  to  the  very  remarkable    experiments    which 
Mr.  Mordey  has  shown  to  some  of  us :  on  p.  591,  he  says,  "  TheT[^ 
foundation  and  parallel  working  should  be  that  the  prime  motors 
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profewof  «« are  under  the  control  of  the  generators."  Those  of  us  who  saw 
the  way  in  which  that  generating  dynamo  persevered  in  its-work, 
when  the  second  alternate  current  machine  was  suddenly  thrown 
upon  it  as  a  motor,  could  not  help  enquiring  in  what  way  the 
steam-engine  was  governed  which  kept  up  the  speed.  Mr. 
Mordey  rather  startled  me  by  telling  me  that  his  steam-engine 
had  no  governor.  That  may  account  to  some  extent,  I  think,  for 
some  of  the  peculiarities  of  the  experiments.  I  would  like  to 
know  a  good  deal  more  on  that  point. 

Mr.  Mordey  takes  us  to  arc  lamps,  and  points  out  that  with 
alternate  currents  50  volts  are  required,  whereas  with  continuous 
currents  60  volts  or  so  are  required.  Here  we  have  a  case  of 
which  very  little  is  known.  Why  is  it  that  an  ordinary  arc  lamp 
with  a  continuous  current  will  not  work  well  without  at  least 
the  ordinary  60  volts  ?  We  know  that  there  is  in  effect  a 
back  E.M.F.  in  the  arc,  or  at  least  there  is  something 
which  can  be  measured  as  such.  I  have  lately  been  busying 
myself  employing  a  group  of  students  to  investigate  the  question 
at  what  position  in  the  arc  does  this  back  E.M.F.  come  in. 
I  have  satisfied  myself  that,  in  direct  current  arcs,  the  great 
drop  of  potential  in  the  arc,  usually  some  39  volts  in  amount, 
occurs  at  the  positive  end  or  crater,  and  that  it  does  not 
occur  in  the  arc  itself,  nor  at  the  negative  pole.  There  is  a 
definite  sort  of  polarisation  at  the  crater  end.  I  have  not  yet 
examined  alternate  current  arcs,  and  I  cannot  give  the  meeting 
any  information  upon  that  point,  but  probably  we  should  find 
that  there  is  some  other  disposition  when  we  make  the 
corresponding  measurement  for  alternate  arcs. 

Mr.  Mordey  speaks  of  the  drop  in  the  characteristic  curve  of 
his  machine  as  being  partly  due  to  resistance  and  partly  to  self- 
induction.  I  do  not  want  to  quarrel  over  terms  (and  after  all  it 
is  a  question  of  terms),  but  I  would  rather  express  it  that  there  is 
a  drop  in  the  curve  due  to  resistance,  a  further  drop  possibly  due 
to  the  spurious  addition  to  the  resistance  arising  from  self-induc- 
tion, and  a  further  drop  due  to  the  demagnetising  effect  of 
the  armature  currents  on  the  pole-pieces.  But  I  am  not  all 
sure  whether  that  does  not  involve  the  question  of  self-indue- 
tion,  for   the   last  two  things   are    really    parts   of   the    same 
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phenomenon,  the  self-induction  of  the  armature  and  its  mag- Pj-'^tesBor 
netising  effect  being  bound  up  together. 

Mr.  Eapp  has  said  that  the  armature  standing  away  irom  its 
field  magnet  could  have  very  little  self-induction,  but  that  all 
that  would  be  changed  directly  you  put  it  in  the  massive  iron 
circuit.  I  differ  from  him  on  that  point,  and  will  tell  the  Society 
why  the  presence  or  absence  of  the  iron  field-magnet  cannot  make 
very  much  difference. 

In  order  that  the  self-induction  should  be  very  much  increased 
by  the  presence  of  the  iron  there,  the  circumstances  must  be  such 
that  the  iron  can  act.  The  presence  of  iron  can  increase  the 
«elf-induction  in  a  coil  only  when  and  as  the  iron  is  magnetised 
by,  and  adds  to,  the  magnetic  action  of  the  coil.  But  in  the  case 
of  great  masses  of  iron  like  these  polar  projections,  with  a  cross- 
«ecton  in  each  of,  I  suppose,  from  15  to  20  square  inches,  not 
laminated,  how  much  magnetism  will  you  get  into  that  from 
a  current  in  a  coil  that  flies  past  at  the  rate  of  1 -200th  part  of  a 
second  ?  It  has  no  time  to  magnetise  the  iron,  and  therefore 
cannot  perceptibly  produce  self-induction.  Consequently  the 
presence  of  the  solid  iron  field-magnets  surely  cannot  make  much 
difference  in  the  self-induction  of  the  armature. 

I  have  devised  a  way  of  elucidating  a  point  in  the  action  of  an 
alternating-current  machine  used  as  generator  and  motor  by  a 
graphic  construction,  which  is  as  follows  : — 
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^'easor^  Let  0  Ej  and  0  E^  represent  the  two  alternating  electromotiTe 
forces  in  the  two  armatures,  agreeing  nearly  in  phase  when 
the  two  machines  are  both  acting  in  parallel,  with  the  current 
from  each  going  in  the  same  direction  as  the  E.M.F.  The 
current  will  (because  of  self-induction  in  the  circuit)  lag 
behind  the  resultant  E.M-F.  by  an  amount  represented  by 
the  angle  <^.  When  th^  steam  is  suddenly  cut  off  from  one 
of  the  machines  the  current  through  it  is  instantly  reversed 
in  sign ;  hence,  though  its  E.M.F.  remains  in  the  same 
direction,  electric  work  is  done  on  instead  of  by  the  machine. 
Now,  in  this  diagram,  a  mere  variation  of  the  clock-diagrams 
used  for  harmonic  motions,  the  work  done  in  a  cycle  may  be 
represented  as  an  area,  by  the  simple  device  of  putting  the 
line  that  represents  one  of  the  two  factors — say  the  current- 
back  by  just  one  quarter  in  phase,  and  then  completing  the 
parallelogram  between  the  two  factors.  Let  0  C  represent  the 
resultant  current,  retarded  behind  the  resultant  E.M.F.,  and 
farther  retarded  by  90°.  The  area  contained  by  0  E,  and  0  C 
(relating  to  the  machine  lagging  in  phase,  the  generator)  will 
represent  the  electric  work  done  by  the  one  machine,  whilst 
the  area  contained  by  0  Ei  and  0  C  (the  latter  being  now 
considered  negative)  will  represent  the  electric  work  done  on 
the  other  machine  (the  one  advanced  in  phase,  the  motor). 

Wheu  you  throw  off  the  belt  and  one  machine  becomes  a 
motor,  before  it  has  had  time  to  change  its  speed  to  any  appre- 
ciable extent,  the  E.M.F.  will  have  altered  a  little  in  phase, 
and  an  excessively  slight  difference  in  the  relative  position 
of  armature  coils  and  field-magnet  poles — corresponding,  perhaps, 
to  one-hundredth  of  an  inch  at  the  periphery — will  make  all  the 
difference  between  its  action  as  generator  or  as  motor. 

The  stability  of  the  machines  in  running,  and  its  dependence 
upon  self-induction,  surely  ought  to  be  cleared  up.  I  do  not  at 
all  agree  with  Mr.  Kapp  that  you  want  self-induction  in  the 
armature  in  order  to  produce  stability ;  I  should  be  disposed  to 
agree  with  him  that  self-induction  in  the  circuit  outside  the 
machines  would  tend  to  make  them  synchronise,  because  the  lajf 
of  current   which   produces    synchronism  is   itself  due  to  self- 
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induction ;  but  self-induction  is  not  needed  in  the  armature  for  Jj^'^^,, 
this  purpose. 

Dr.  Fleming  tells  us  we  ought  not  to  use  the  word  "  mag- 
"netisation"  where  we  mean  to  express  the  intensity  of  the 
magnetic  induction.  But  did  not  Dr.  Hopkinson  use  the  very 
word  in  the  title  of  his  paper  before  the  Boyal  Society  on  the 
magnetisation  of  iron— a  paper  devoted  to  the  intensity  of  the 
iuduction  in  different  specimens  ?  Mr.  Mordey's  paper  seems  to 
me  to  be  distinguished  for  its  perspicuous  and  conspicuous 
common  sense.  Ten  years  ago  we  did  not  know  how  to  design 
direct-current  machines  to  run  as  direct-current  motors ;  the 
question  was  in  a  perfectly  chaotic  condition.  With  better 
designs  of  generators,  however,  came  a  better  understanding  of 
motors.  The  subject  of  alternate-current  machines  was  almost 
in  as  chaotic  a  condition  until  we  had  Mr.  Mordey's  paper  to 
enlighten  us.  He  has  certainly  proved  to  us  that  good  design 
in  the  machine  is  the  first  essential  of  successful  simultaneous 
working  of  alternate-current  machines. 

Professor  W.  E.  Ayrton  :    Although   I  have  notes  of  many  Pi-(rf«wor 
remarks  to  make,  I  will  confine  myself,  owing  to  the  lateness  of 
the  hour,  to  those  points  of  the  greatest  importance. 

We  must,  of  course,  commence  by  sincerely  congratulating 
the  author,  for,  indeed,  if  he  had  done  nothing  more  than 
show  that  Dr.  Hopkinson's  mathematical  conclusions  were  experi- 
mentally correct,  there  would  be  an  enormous  debt  due  to  him  by 
all  electrical  engineers. 

Anticipating  that  there  would  be  some  question  to-night  as 
to  what  was,  or  was  not,  the  self-induction  of  the  Mordey  armature, 
and  whether  it  was,  or  was  not,  greater  when  the  iron  was  in  a 
particular  position,  one  of  my  assistants — Mr.  Sumpner — ^and  some 
of  my  students — Mr.  Lamb,  Mr.  Smith,  and  Mr.  Woods — went  to 
the  Belvedere  Road,  and,  by  the  kindness  of  Mr.  Mordey,  made 
experiments  on  the  self-induction  of  the  armature,  with  different 
positions  of  the  iron  pole-pieces,  and  with  different  currents  passing 
round  the  field  magnet.  The  method  employed  consisted  in 
balancing  the  unknown  self-induction  of  the  armature  against 
the  self-induction  of  our  adjustable  secohm-standard,  and  using  the 
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secohmmeter  to  rapidly  alternate  the  battery  and  galvanomd«r 
connections^-an  arrangement  which  supplies  a  very  exact  and 
sensitive  method  of  measuring  self-indaction. 

Figures  A  and  B  show  the  relative  positions  of  the  armatore 
coils  and  the  pole-pieces  of  the  field  magnet. 


Sdf-hiduction  of  the  Ar^matwre  of  the  Mcn^dey  Alternator. 

Exciting 

Current 

round  the 

Field  Magnet, 

in  Amperes 

Position  of  the 
Armature. 

P- 

9' 

Seoohms,  by 
Secohm- 
Standard. 

Setf-Indaction 
of  Armatore, 
in  Secohms.    j 

0 

0 

0 

40 

40 

40 

A 
B 
B 
A 
A 
B 

1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

1,500 
1,500 
1,500 
1,000 
1,000 
1,000 

00255 
00218 
0-0280 
0-0366 
0-0360 
00295 

1 
0-03S 

I      0-033 

V       0036 
0-OSO 

The  first  column  in  the  preceding  table  contains  the  exciting 
current,  in  amperes,  passing  round  the* field  magnets;  the  second 
column  the  relative  position  of  the  armature  and  field  magnet  for 
each  test ;  p  and  q  are  the  resistances  of  the  two  proportional  coili 
of  the  Wheatstone's  bridge ;  the  fifth  column  gives  the  secohms 
as  indicated  by  the  secohm-standard  when  it  was  adjusted  to  pro- 
duce balance ;  and  the  last  column  contains  the  self-induction  of 
the  armature  itself.  In  all  the  experiments  the  secohmmeter  was 
rotated  to  give  a  frequency  of  about  100,  which  is  the  frequency  ac- 
tually employed  by  Mr.  Mordey  in  the  working  of  his  dynamos.  The 
armature  has  the  minimum  self-induction,  0*030  secohm,  when  it 
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is  in  the  position  B  relatively  to  the  field  magnet,  and  when  the  Profi 

Ayrton. 

-exciting  current  of  40  amperes  is  passing  round  the  field  magnet ; 
while  the  greatest  value,  0*038  secohm,  is  attained  when  the 
.armature  is  in  the  position  A  and  no  current  is  passing  round  the 
field  magnets. 

It  might  have  been  imagined  that  the  armature  would  have 
had  a  greater  self-induction  in  position  B  than  in  position  A,  since 
in  position  B  the  iron  of  the  pole-pieces  of  the  field  magnets 
covers  the  coils  better  than  in  the  A  position.  The  increase  of 
self-induction  of  every  other  coil  in  position  B  is,  however,  more 
than  compensated  for  by  the  diminution  of  self-induction  in  the 
alternate  coils;  so  that  it  is  in  position  A,  when  every  coil  is 
partially  covered  by  iron,  that  the  greatest  self-induction  is 
obtained. 

Professor  Silvanus  Thompson  considers  that  the  presence  of  a 
large  mass  of  iron  cannot  influence  the  value  of  the  self-induction 
of  a  coil  for  a  frequency  100 ;  but  this,  I  think,  is  a  mistake, 
and  I  would  refer  him  to  the  experiments  we  described  when  we 
first  had  the  honour  of  bringing  the  secohmmeter  to  your  notice, 
and  in  which  we  showed  that  the  introduction  of  a  solid  iron  core 
into  a  solenoid  increased  the  self-induction  of  the  coil  26  times 
when  the  fii^quency  was  feirly  high.  No  doubt  the  greater  the 
frequency  the  less  eflFect  will  iron  have,  and  for  very  great 
frequencies  the  presence  of  solid  iron  will  probably  even  diminish 
the  effective  self-induction  of  a  coil ;  but  for  a  frequency  of  100 
1  think  that  it  would  be  quite  wrong  to  conclude  that  the  presence 
of  a  large  mass  of  solid  iron  did  not  increase  the  effective  self- 
induction  of  the  coil. 

The  very  remarkable  experiments  carried  out  by  Mr.  Mordey 
of  coupling  two  alternators  together  which  are  producing  a  very 
different  E.M.F.,  and  obtaining  as  the  resultant  E.M.F.  the 
arithmetic  mean  of  the  two  E.W[.F.'s,  are,  as  Mr.  Kapp  has  pointed 
out,  probably  due  to  the  weakening  of  the  field  of  the  one 
machine  and  the  strengthening  of  the  field  of  the  other  by  the 
action  of  the  currents  in  the  armature.  Indeed,  when  Dr. 
Hopkinson  brought  his  admirable  paper  on  the  "Theory  of 
^*  Alternating  Currents  "  before  this  Society  in  1884, 1  pointed  mtr 
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^p^l^r     (see  pp,  530  and  531,  vol.  xiii.,  of  our  Journal)  that  there 

only  one  point  of  incompleteness,  as  it  appeared  to  me,  in  his 
investigations,  and  that  was  the  neglect  of  the  action  of  the 
current  in  the  armature  on  the  field. 

Through  the  kindness  of  Mr.  Mordey  in  lending  us  one  of  his 
transformers,  a  series   of  experiments  has   for  some   time  past 
been  conducted  by  the  students  at  the  Central  Institution  on 
the  eflSciency  of  this  transformer  for  various  frequencies  and  with 
various  loads.    As  far  as  we  have  gone  at  present — ^making  experi- 
ments at  frequencies  53,  80,  160,  240,  and  with  loads  varying 
from  a  light  load  up  to  the  maximum  working  load  intended  with 
this  transformer — we  have  obtained  no  indication  whatever  of  the 
remarkable  result  described  by  Mr.  Mordey,  that  his  transformer 
is  more  efficient  for  an  intermediate  frequency  than  for  a  higher 
or  lower  firequency.     But,  on  the  contrary,  we  have  found  the 
efficiency  to  steadily  increase  with  the  frequency,  this  increase 
being  particularly  marked  for  light  loads.     Our  experiments  were 
not  made  by  the  calorimetric  method,  which  is  a  very  tedious  one, 
but  by  the  double  method  of  using  a   quadrant  electrometer, 
which  Professor  Fitzgerald  and  I  hit  on  during  the  meeting  of 
the  Electrical  Congress  at  Paris  in  1881,  for  the  accurate  measure- 
ment of  the  watts  given  by  an  alternate  current  (which  may  be  any 
function  of  the  time)  to  a  circuit  which  may  contain  any  amount 
of  self  and  mutual  induction.    The  non-inductive  resistance  which 
this  method  of  measurement  requires  to  be  used  in  series  with 
the  transformer  is,  in  the  experiments  now  being  carried  out  at 
the   Central   Institution,  composed   of  long   strips   of  platinoid 
about  2  inches  wide  placed  back  to  back  with  thin  shellacoed 
silk,  the  current  going  up  one  strip  and  down  the  other  one. 
In  this  way  a  resistance  is  obtained  with  a  large  cooling  surface 
•  and  with  practically  no  self-induction. 

How  the  efficiency  may  vary  with  the  frequency  for  a  load 
greater  than  the  maximum  load  that  we  have  hitherto  put  on 
the  transformer  I  do  not  know,  and  I  shall  not  proceed  to  asoertaiB 
until  I  get  Mr.  Mordey's  permission  to  send  more  current  through 
his  transformer  than  it  is  intended  to  stand,  but  for  all  loads  less 
than  this  our  experiments  have  not  hitherti^  .confinned  J^tesul. 
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of  obtaining  maximum  efficiency  for  some  intermediate  frequency.  J'^J^' 
That  reminds  me,  in  passing,  that  the  method  Mr.  Mordey 
suggests  for  getting  the  absolute  efficiency  when  using  the 
calorimetric  method  I  do  not  think  is  applicable;  indeed,  the 
method  he  suggests  was  thought  of  by  ourselves,  and  rejected, 
when  we  were  making  the  calorimetric  experiments  which  we 
described  here  a  year  ago.  The  method  we  used  in  that 
investigation  was  to  have  a  stream  of  water  flowing  through 
the  calorimeter  until  it  arrived  at  a  certain  constant  tem- 
perature ;  then,  by  knowing  the  temperatures  of  the  ingoing 
and  of  the  outgoing  water,  and  the  amount  of  water  flowing 
per  minute  through  the  calorimeter,  we  obtained  the  total 
quantity  of  heat  lost.  Mr.  Mordey  has  suggested  in  his  paper  a 
different  method.  He  has  proposed  sending  a  steady  current 
through  the  transformer  and  raising  the  transformer  by  the  steady 
current  to  the  same  temperature  to  which  it  is  raised  when 
you  are  working  with  an  alternate  current';  then,  knowing  the 
watts  wasted  by  the  steady  current — which  can,  of  course,  be  easily 
naeasiured — ^he  assumes  you  would  know  the  watts  wasted  by  the 
alternate  current,  which  are  much  more  difficult  to  measure.  But 
with  the  steady  current  the  waste  of  energy  is  entirely  in  the 
wire,  whereas  with  an  alternate  current  there  is,  of  course,  waste 
due  to  the  Foucault  currents  in  the  iron.  Now,  if  an  amount  of 
heat  that  is  generated  by  the  alternate  current  in  the  iron  is  to 
be  generated  by  the  steady  current  in  the  coil,  it  will  require  that 
the  steady  current  shall  be  far  greater  than  the  coil  is  intended 
to  carry.  And  it  was  this  fear  of  burning  up  the  coil  of  the  trans- 
former we  were  then  experimenting  with,  and  which  was  also  a 
borrowed  transformer,  that  prevented  us  trjring  this  method 
suggested  by  Mr.  Mordey  in  his  paper. 

Professor  G.  Fokbes  :  I  would,  in  the  first  place,  ask  Mr.  f5J^' 
Mordey  to  make  quite  definite  what  does  not  appear  in  the 
paper,  but  what  has  been  let  out  in  the  discussion,  that  in  these 
experiments  with  parallel  working  there  was  no  governor  on  the 
steam-engine.  It  has  a  most  important  bearing,  I  think,  on  the 
whole  question  whether  there  was  a  governor  or  not,  for  we  must 
have  a  governor  in  actual  work.     As  a  matter  of  fact  a  steaiJi- 
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^|^<»»'  engine  is  supposed  to  be  governed  by  a  perfect  governor,  in  order 
to  keep  the  speed  perfectly  constant,  and  then  the  only  interrup- 
tion that  can  take  place  between  it  and  the  dynamos  is  by  the 
slipping  of  the  belt,  if  a  belt  is  used  at  all,  and  if  not  then  it  is 
only  by  the  imperfection  of  the  governor  that  the  variation  can 
take  place.  I  should  like  some  more  information  on  this  point, 
as  I  think  it  will  explain  many  apparent  anomalies. 

I  have  a  good  deal  more  to  say  about  parallel  working,  but  at 
this  late  hour  I  will  not  continue. 

At  the  beginning  of  the  paper  Mr.  Mordey  is  perpetoatin^  an 
error  which  a  good  many  have  been  propagating  of  late,  as  to 
assuming  that  there  are  only  two  means  of  distributing  alternating 
currents,  one  is  by  a  single  large  machine,  and  the  other  by  a 
number  of  small  machines,  which  must  be  working  in  poralleL 
Now  I  have  noticed  it  so  continuously  stated  as  the  only  alternative 
method  that  I  cannot  understand  it.  I  thought  there  had  been 
almost  too  much  said  about  the  American  practice,  at  least  many 
people  thought  so,  but  the  American  practice  has  been  invariably 
not  to  work  the  small  machines  parallel,  and  to  have  a  large 
number,  the  difference  being  that  the  mains  are  not  all  connected 
in  parallel ;  there  are  a  large  number  of  each,  and  each  distxiot 
is  supplied  by  a  number  of  separate  mains  and  feeders.  One 
dynamo  will  have  a  number  of  feeders  even  when  the  TnATiTnim> 
current  is  on,  and  when  a  small  load  is  on  all  these  feeders 
may  be  put  on  to  one  machine. 

As  to  the  machine  which  Mr.  Mordey  has  shown  on  the 
j[>aper,  he  has  not  actually  made  it,  but  he  has  drawn  it,  and,  as  he 
tells  me  he  had  drawn  it  a  good  long  time  before  I  published 
mine,  therefore  the  credit  all  belongs  to  Mr  Mordey,  for  he  has 
priority. 

I  have  made  one  of  those  machines,  and  although  at  the 
present  moment  the  results  have  not  been  completely  satisfiMstoiy, 
still  there  are  great  hopes  of  getting  a  good  machine  out  of  that. 
The  self-induction  of  the  machine  in  the  form  in  which  it  was 
made  was  enormous,  and  the  variations  in  volts  when  the 
different  strengths  of  current  were  taken  off  were  something 
perfectly  surprising,  in  fact  you  might  ahnost  say  that  the  correat 
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was  constant ;  you  could  get  almost  any  volts  out  of  it,  but  always  p^^^' 
nearly  the  same  current  going.     It    was    a    very    interesting 
dynamo  machine. 

The  President:  Before  calling  on  Mr.  Mordey  to  reply  I  may  ^^^ 
perhaps  be  allowed  to  make  a  few  remarks  on  his  beautiful  experi- 
ment in  the  case  in  which  two.  alternators,  one  with  a  potential  of 
2,000  volts,  and  the  other  1,000  volts,  are  coupled  in  parallel. 
The  secret  of  the  surprising  result  of  this  novel  and  original  com- 
bination has  not,  I  think,  been  quite  touched  by  either  Mr.  Mordey 
himself  or  any  of  those  who  have  spoken  in  the  discussion  except 
Mr.  Kapp.  The  500  volts  difference  of  potential  would,  not- 
withstanding ohmic  resistance  and  impedance  by  self-induction, 
produce  current  in  the  circuit  of  the  two  armatures  vastly 
greater  than  any  that  Mr.  Mordey  has  found  in  his  experi- 
ments, without  some  equalising  influence  which  has  not 
been  hitherto  suggested  except  by  Mr.  Kapp.  To  find 
what  this  influence  is,  suppose,  for  simplicity,  the  ohmic 
resistances  of  the  armatures  to  be  zero,  and  suppose  the  two 
armatures  to  be  simply  joined  in  parallel  ready  to  do  external 
work  but  not  as  yet  set  to  do  it.  Thus  we  have  a  simple  circuit 
of  the  two  armatures.  The  two  shafts  might  be  mechanically 
constrained  to  run  synchronously  in  such  relative  positions  that 
the  electromotive  forces  of  the  two  armatures  conspire  in  the 
circuit.  The  3,500  volts  would  produce  a  prodigious  current  for 
all  that  self-induction  could  do  to  impede  it;  but  this  current 
would  enormously  pull  down  the  magnetisation  of  the  iron  claws 
of  the  field  magnets ;  and  might  even  annul  and  reverse  that  of 
the  weaker,  and  thus  after  the  first  making  of  the  circuit  of  the 
two  armatures  the  "  prodigious  "  current  through  it  would  almost 
instantly  become  much  moderated,  even  supposing  the  supposed 
initial  phase-relation  to  be  mechanically  maintained.  This  is 
the  phase-relation  for  series  co-operation ;  and,  as  shown  by  Dr. 
Hopkinson  in  his  lecture  on  electric  lighting,  delivered  before 
the  Institution  of  Civil  Engineers  in  1885,  it  could  only  be 
maintained  by  rigid  mechanical  connection  between  the  two 
shafts.  But,  in  Mr.  Morde/s  actual  experiment,  the 
shafts    are    free    and    independent,  and   they  therefore 
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TiJoSSr  "  i^^  st^p  "  cophasally  for  parallel  working.  Their  electro- 
motive forces  become  thus  exactly  opposed  in  the  circuit  of 
the  two  armatures,  and  would  yield  exactly  500  volts  as 
working  E.M.F.,  if  the  two  field  magnets  remained  unchanged. 
The  ohmic  resistance  being  still,  for  simplicity,  supposed  zero, 
the  phase  of  the  current  kept  going  in  virtue  of  the  E.5LF. 
would  be  a  quarter-period  behind  the  phase  of  the  E.M.F.  Thus 
the  maximum  of  the  current  would  be  at  the  instant  when  the 
nine  magnetic  fields  are  in  the  middle  of  the  apertures  of  nine 
alternate  armature  coils,  and  the  direction  of  the  current  would 
be  that  tending  to  demagnetise  the  iron  prongs  of  the  2,000-volt 
machine,  and  to  augment  the  magnetism  of  those  of  the  1,000- 
volt  machine.  Thus  (the  period  in  Mr.  Mordey^s  experiment 
being  a  100th  of  a  second)  two  hundred  times  per  second,  the 
former  experiences  a  demagnetising,  and  the  latter  an  enhancing, 
magnetic  force.  The  prongs  are  of  continuous  iron,  and  there 
must  therefore  be  ample  self-induction  to  prevent  any  consider- 
able change  of  magnetisation  in  the  200th  of  a  second  period 
of  this  varying  magnetic  force.  Thus  the  magnetic  fields  are 
kept,  one  of  them  weaker,  and  the  other  stronger,  than  they 
were  before  the  armature  circuits  were  connected ;  and  I  believe 
so  much  weaker  and  stronger  as  to  reduce  the  electromotive 
forces  of  the  two  to  very  near  equality.  If  the  iron  of  the 
2,000-volt  machine  is  nearly  saturated,  its  magnetism  would 
be  less  diminished  than  the  other's  increased,  and  the  resulting 
E.M.F.  might  be  nearer  2,000  than  1,000  ;  but  Mr.  Mordey 
has  found  it  to  be  actually  very  near  to  1,500.  A  few  turns 
of  insulated  wire  round  one  prong  of  either  machine,  connected 
to  a  ballistic  galvanometer,  would  give  a  ready  means  of  testing 
the  suggested  changes  of  magnetisation. 

There  is  really  not  much  more  left  for  me  to  say,  except 
that  I  do  wish  to  be  allowed  to  join  in  the  general  and  most 
sincere  chorus  of  admiration  at  the  results  put  before  us  by 
Mr.  Mordey.  We  are  all  admirers  of  his  previously-known 
alternate-current  generator.  We  have  now  before  us  for  the 
first  time  another  form,  invented  also  by  Mr.  Mordey — a  fonn 
which  strikes  me  as  exceedingly  beautiful,  very  admirable  i^ 
many  respects,  and,  I  am  pleased  to  add,  quite  wonderful. 
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Mr.  J.  S.  Eaworth  :  When  I  heard  Mr.  Morde/s  paper  read  ^^^ 
last  week,  I  thought  this  vexed  question  of  alternate  current  was 
about  to  take  a  new  departure,  that  we  were  going  to  get  out  of 
the  region  of  theory  and  into  the  region  of  fact.  Mr.  Mordey 
described  certain  experiments  which  proved  directly  that  previous 
statements  made  before  this  Institution  were  not  correct.  But 
to-night  I  am  sorry  to  say  we  have  returned  into  the  region  of 
theory  again.  Happily  for  us,  however,  the  Professors  are  not 
all  on  one  side  this  time,  but  take  opposite  views  ;  we  may, 
therefore,  hope  to  get  at  the  truth  in  course  of  time.  When 
Professor  S.  P.  Thompson  was  at  our  works  the  other  day,  I  had  a 
little  talk  to  him  about  the  amount  of  lag  between  the  dynamo 
and  the  motor,  and  he  suggested  that  it  would  be  100th  of  an 
inch;  I  thought  it  would  be  about  1  inch.  We  have  now 
succeeded  in  measuring  this  lag,  and  I  daresay  Professor 
Thompson  will  be  interested  to  hear  that  it  is  exactly  13-1 6ths 
of  an  inch. 

Professor  S.  P.  Thompson:  Was  it  a  full  load,  or  running 
open  ? 

Mr.  J.  S.  Raworth  :  A  fall  load. 

Professor  S.  P.  Thompson  :  That  is  not  my  point — which  was 
that  you  had  two  machines,  one  driving  the  other  open. 

Mr.  J.  S.  Raworth  :  I  do  not  disagree  with  you  there. 

Professor  S.  P.  Thompson:  The  load  that  would  convert  a 
generator  into  a  motor  need  not  be  more  than  100th  inch. 

Mr.  J.  S.  Raworth:  The  exact  diflference  between  the  two 
when  running  with  full  load  is  13-16ths  inch,  or  24?  of  a 
complete  cycle. 

Now  I  want  to  show  you  that  we  have  been  trying  to  arrive 
at  some  more  facts,  and  to  find  out  from  actual  experiments  the 
curve  of  E.M.F.  at  different  points  of  the  period. 

The  sketch  (Fig.  17)  shows  a  Mordey-Victoria  alternator  with 
a  wood  drum  fixed  on  the  driving  pulley.  This  wood  drum  carries 
a  small  piece  of  copper  wire  (part  of  a  helix)  sunk  in  its  surface. 
Two  bobbins  of  the  alternator,  marked  A  A,  are  coupled  to  one  end 
of  the  copper  wire  carried  by  the  drum,  and  the  other  end  to  one 
pole  of  the  continuous-current  dynamo,  the  other  pole  of  the 
VOL.  xviix.  46 
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eontinuous-ourrent  dynamo  is  led  to  a  movable  handle  carryiog 
a  copper  pointer,  marked  F.  A  voltmeter,  V,  is  pat  across  the 
terminals  of  the  continuous-current  dynamo.  The  field  of  the 
said  dynamo  is  controlled  by  a  rheostat,  marked  R.    Hie  seoondaiy 


Me^hod  of  measuring  tfce  actua[     E  M  Fof  an  Ai^er^a^or 
afany  pe^  of  it s" Period." 

Fig.  17. 

coil  of  a  transformer,  marked  T,  may  be  substituted  for  the 
bobbins,  A  A,  the  primary  ooil  being  excited  by  all  the  bobbins 
of  the  alternator  in  series  (as  usual).  In  taking  the  curve  of 
E.M.F.  during  one  period  the  djmamo,  D,  is  regulated  to 
give  various  differences  of  potential,  ranging  &om  nothing  up  to 
the  maximum  required,  and  while  the  alternator  is  running  the 
pointer,  P,  is  tried  along  the  scale,  S,  to  find  positions  of  no  spark. 
These  positions  on  the  scale  correspond  with  known  positions  oo 
the  helical  wire.  From  the  readings  obtained  it  is  easy  to  plot  a 
curve  showing  the  electromotive  forces  developed  at  every  point 
in  the  period. 

By  traversing  the  pointer  along  the  scale  we  can  measoie 
exactly  the  points  in  the  cycle,  wh«re  we  get  an  E.M.F.  equal 
to  the  oj^posing  E.M.F.  of  the  continuous-current  dynamo.  That 
point  has  been  ascertained  by  the  fact  of  there  being  no  spark 
itt  the  moment  of  contact.  We  have  not  had  time  yet  to  oany 
out  a  complete  series  of  experiments,  and  lam  therefore  unabla 
to  produce  the  diagram  to-night.    We  have>  however,  suoeeeded 
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in  plotting  down   the   transformer  curve  on  the  top  of  the  ^• 
alternative  curve. 

The  curves  are  very  astonishing,  and  everybody  who  has  seen 
them  is  surprised  at  the  extraordinary  results  that  have  been 
obtained*  The  ooroUary  is  that  it  is  not  safe  to  prophecy  until 
you  are  sure.  We  have  seen  a  good  many  curves  drawn  on  this 
wall  that  have  been  very  beautiful,  but  not  much  like  the  actual 
<5urve. 

Mr.  C.  ZiPERNOWSKi  [commv/nicateil] :  In  his  paper  upon  Mr.  zimr 
-**  Alternate  Current  Working,"  read,  before  the  Institution  of 
Electrical  Engineers  on  May  23rd5  Mr.  Mordey  has  made 
several  statements  with  regard  to  our  dynamos  wliich 
we  have  found  to  be  erroneous.  Mr.  Mordey  says,  ^^The 
*^  Zipemowski  alternator  will,  however,  work  parallel,  but 
**  apparently  not  very  well ;  to  get  it  to  do  so,  the  periodicity 
^  has  had  to  be  reduced  to  42,  as  we  now  know."  At  another 
place  we  find,  ^^  In  a  commimication  from  Messrs.  Granz  &  Co., 
*^  published  a  few  days  ago,  Mr.  Zipemowski  says  that  the  low 
^^  periodicity  used  was  chosen  on  principle,  to  enable  them  to 
***  couple  their  dynamos  parallel ;"  and  some  lines  further  down  :-r- 
^*  This  bears  out  very  completely  my  contention  that  the 
^*  periodicity  is  governed  in  most  cases  by  some  special  feature 
*^  of  the  type  of  apparatus.  Zipemowski  has  had  to  go  down 
•**  to  42  to  get  his  iron-cored  alternator  to  synchronise,  and  for 
^^  no  other  reason ;  for  his  statement  is  that  synchronous  action 
**  was  *  not  a  secondary  result,  but  just  the  end  we  were  aiming 
^^  at,'  and  he  acknowledged  that  there  are  disadvantages  con- 
**  nected  with  this  low  rate  in  other  parts  of  the  system." 

First  of  all,  we  must  state  that  our  alternate  current  dynamos 
are  mnning  in  parallel  circuit  in  a  thoroughly  satisfeMstory 
manner,  even  when  the  load  varies  from  zero  to  the  maximum 
output  for  which  they  are  built.  This  may  be  seen  at  our 
central  stations  at  Rome,  Terin,  Livomo,  Frankfort-on-Main, 
and  Marienbad. 

We  have,  also,  not  found  any  difficulty  in  running  large 
dynamos  parallel  with  small  ones  imto  the  maximum  output 
of  the  latter.      Thus,  in  May  of  last  year,  Mr.  Blathy    has 
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II?w£r''  coupled  two  600  h.p.  dynamos  in  parallel  with  two  of  150  h-p. 
each,  at  Borne,  the  former  of  these  dynamos  making  125  the 
latter  250  revolutions  per  minute.  Each  dynamo  is  directly 
driven  from  its  own  engine,  the  smaller  engine  being  of  Sulzci^s* 
the  larger  of  Van  den  Kherhove's  construction.  The  dynamos 
work  parallel  with  greatly  varying  load  to  perfect  satisfisu^on, 
although  neither  they  nor  the  engines  are  of  equal  size,  the 
latter  being  even  of  unequal  construction. 

We  pretend  to  have  been  the  very  first  who  have  made 
parallel  coupling  "  an  industrially  proved  fact  **  (vide  Mr. 
Blathy's  letter  in  The  Electrician  of  June,  1888),  and  this, 
perhaps,  may  have  led  Mr.  Mordey  to  conclude  rather  generally, 
and  not  with  reference  to  concrete  facts,  that  this  first  practical 
application  of  parallel  coupling  worked  as  most  first  applications 
do,  "  but  apparently  not  very  well." 

Moreover,  we  state  that  we  have  not  reduced  the  periodicity 
because  of  the  coupling  in  parallel.  Since  we  have  commenced 
building  alternate  current  dynamos  we  have  kept  the  number 
of  85  alternations  with  only  slight  variations.  And  we  still 
remain  convinced  that  we  can  run  our  dynamos  parallel  with 
this  number  of  alternations  ecmer  and  i/n  a  more  sim/pU 
ma/nner  than  with  a  higher  one,  but  contest  that  this  is  the 
only  reason  for  which  we  do  not  increase  our  number  of  alterna- 
tions, which  we  have  found  suitable  for  so  long  a  time. 

If  Mr.  Mordey  had  followed  our  publications  with  attention, 
or  had  asked  us  for  information,  which  we  would  have  willingly 
given  him,  he  would  have  known  that,  amongst  others,  we 
profit  from  the  low  number  of  alternations  in  our  alternate 
current  motor,  this  low  number  enabling  us  to  build  small 
motors  without  too  high  speeds  ;  a  motor  with  four  poles, 
having  our  periodicity,  would  make  1,250  revolutions  per 
minute,  but  2,950  with  Mr.  Morde/s ;  or  must  have  10  poles 
in  order  to  make  about  1,250.  Of  course  this  number  of  poles 
is  rather  high,  and  too  dear  for  small  motors. 

In  the  appendix  to  the  reprint  of  his  paper,  Mr.  Mordey 
says,  ''He  thought  a  great  mistake  was  made  in  some  aIte^ 
"  nators  in  using  Pacinotti  projections.      In    all    cases  there 
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"  should  be  as  nearly  as  possible  a  steady  magnetic  flux  in  Mr.  aiper. 

"  the  field.      This  could  not  be  done  if  projections  were  used. 

^^  The  Zipemowski  and  Parsons  machines   were  fieiulty  in  this 

"  respect.    It  was  impossible  to  tell  by  inspection  of  the  former 

"  which  was  the  armature  and  \rtiich  the  field.     They  seemed 

*^  quite  interchangeable,  and  this  was,  of  course,  not  right." 

As  Mr.  Mordey  does  not  say  one  single  word  to  ascertain 
his  opinion  that  the  magnetic  flux  ought  to  remain  constant, 
we  cannot  contradict  any  arguments  and  need  not  contradict 
the  mere  statement.  But  we  must  say  that  we  are  very  much 
astonished  to  hear  that  Mr.  Mordey,  who,  with  full  right,  so 
highly  appreciates  the  "  sense  of  proportion,"  is  not  able  to 
distinguish  the  field  magnet  from  the  induction  coils  in  our 
dynamo. 

We  are  glad  to  see  that  the  figures  we  published  about  our 
alternate  current  motor  have  animated  others  to  a  similar 
"success."  Our  motor,  which  consists  of  one  machine  only, 
possesses  all  the  qualities  published  some  time  ago,  which  are 
st  present  also  claimed,  and  very  ably  pointed  out,  by  Mr. 
Mordey.  Whether  Mr.  Mordey's  motor,  which  consists  of  an 
electro-motor,  an  exciting  dynamo,  and  an  accumulator  battery, 
will  hold  good  under  all  circumstances  and  for  large  forces  as 
well  as  for  small  ones,  practice  will  show. 

Mr.  G-.  C.  Fricker  [conmiunicated] :  Not  having  taken  part  in  Mr.  Friokes. 
the  verbal  discussion  on  Mr.  Mordey's  paper  I  should  like  to  con- 
tribute a  few  remarks  in  this  Journal  on  some  points  which  appear 
to  be  of  the  greatest  practical  importance,  as  bearing  upon  the 
inter-controUing  power  of  alternating  machines  when  working 
parallel. 

I  may  say  at  once  that  I  entirely  agree  with  the  principles  of 
construction  which  are  advocated  by  Mr.  Mordey,  and  that  to  me, 
in  common,  I  imagine,  with  the  majority  of  practical  workers  in 
this  field,  his  doctrine  has  come  as  a  great  revelation. 

With  regard  to  this  question  of  the  motor  action  of  alternators 
in  parallel,  it  is  perfectly  obvious  that  synchronism  is  only 
attained  by  the  pull  which  the  impressed  field  exerts  upon  the 
field  induced  by  the  impressed  current  from  the  leading  machine; 
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Mr.  Flicker,  that  is  to  say,  by  tha  self-induced  lines  of  force  being  drawn  into> 
and  made  to  form  a  part  of  the  impressed  lines.  It  is  evident 
that  the  greater  the  angle  between  the  armature  ooil  and  the 
polar  face  of  the  field  magnets^  when  the  former  is  carrying  it» 
maximum  current,  the  more  difficult  it  will  be  for  the  self- 
induced  lines  to  become  interpolated  into  the  lines  of  the  im- 
pressed field,  and  that,  in  consequence,  any  condition  which 
would  retard  the  rush  of  current  in  the  armature  of  a  lag£;iiig 
machine  would  be  detrimental  to  its  speedy  recovery  of  phase. 

Besides  the  condition  of  rapid  rise  of  current  in  an  altemate- 
current  motor,  it  is  essential  that  the  couple  exerted  by  the 
attraction  of  impressed  and  self-induced  fields  should  be  as  large 
as  possible,  and  therefore  it  is  necessary,  when  taking-  st^)6  to 
reduce  the  one  at  the  same  time  to  increase  the  other  force. 
The  proper  conditions  for  what  Sir  William  Thomson  terms  co- 
phased  synchronism  are  thus  an  exceedingly  strong  impressed 
field  and  an  exceedingly  weak  self-induced  field,  the  latter 
condition  being  necessary  to  ensure  instantaneous  rise  of 
impressed  current,  and  the  former  to  effect  a  powerful  controlling 
couple.  I  therefore  agree  with  Mr.  Mordey,  in  his  argument, 
that  the  most  perfect  alternator  is  one  which  has  an  indefinitely 
-  small  co-efficient  of  self-induction  and  an  infinitely  strong 
impressed  field.  On  the  other  hand,  it  is  equally  true  that  some 
self-induction  must  be  present,  otherwise  no  controlling  couple 
could  exist.  In  practice,  of  course,  the  impressed  field  is  limited 
by  the  receptivity  of  iron,  and  therefore,  in  order  to  obtain  an 
adequate  controlling  couple,  it  may  be  necessary  to  tolerate  » 
considerable  co-efficient  of  self-induction.  Mr.  Mordey's  ex- 
periments, however,  prove  beyond  a  doubt,  that  in  a  machine  in 
which  the  effective  impressed  field  is  very  large,  that  the  self- 
induction  may  be  made  very  small  indeed,  and  controlling 
properties  of  hitherto  unprecedented  power  attained. 

It  seems  probable  that  in  formulating  the  conditions  of 
maximum  controlling  power  with  any  given  strength  of  impressed 
field.  Dr.  Hopkinson,  Mr.  Kapp,  and  others,  have  lost  sight  of 
the  importance  of  the  field  itself  in  regard  to  the  problem,  and 
that  so  far  from   such  theories   being  **  well   established,"  as 
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Mr.  Kapp  puts  it  in  his  remarks,  they  are  in  reality  established  >&.  Frioker. 
on  a  very  incomplete  basis. 

The  Pbesident  :  This  is  the  last  evening  before  the  vacation, 
and,  as  we  have  another  interesting  commnnication  to  be  brought 
before  ns,  I  think  it  would  be  agreeable  to  the  meeting  not  to 
close  at  10  o'clock,  but  to  continue  for  at  least  half-an-hour 
longer. 

I  will  now  ask  Mr.  Mordey  to  reply  to  the  discussion. 

Mr.  W.  M.  Mordey,  in  reply,  said  :  I  wish  in  the  first  place  Mr.  Mordey. 
to  express  my  thanks  for  the  very  kind  way  in  which  you  have 
received  this  paper.  The  criticisms  have,  in  some  cases,  been 
answered  by  other  speakers.  The  remaining  points  in  regard 
to  which  the  speakers  are  not  in  accord  with  me  I  must  deal  with 
so  fiEU*  as  I  can  in  the  time  at  my  disposal,  but  I  need  not  occupy 
time  by  referring  to  other  matters. 

Dr.  Hopkinson's  statements  on  electrical  subjects  are  always 
received,  not  only  with  great  respect,  but  as  being  usually  correct 
and  final.  I  join  in  the  respect,  but  venture  to  question  the 
correctness  in  this  instance.  If  Dr.  Hopkinson  would  be  better 
satisfied  by  my  stating  that  the  most  perfect  alternator  conceiv- 
able is  one  which  has  an  indefinitely  small  self-induction  and 
resistance,  I  am  quite  prepared  to  express  my  meaning  in  that 
way.  I  was  acquainted  with  the  general  practical  results,  as 
regards  parallel  working,  brought  before  us  in  1884  by  him,  but, 
for  reasons  which  will  be  understood,  I  did  not  derive  any  assistance 
from  his  theory,  nor  do  I  now  agree  that  that  theory  "  is  sufficient 
"  to  predict  all  the  results  obtained."  I  cannot  fully  argue  this 
point,  but  must  ask  Dr.  Hopkinson  if  he  will  kindly  look  into  it 
again,  for  I  am  strongly  of  opinion  that  he  will  find  that  it  is  not  as 
complete  as  appears  to  be  supposed.  I  am  the  more  convinced  of 
the  correctness  of  my  explanation  by  the  measurements  of  the  self- 
induction  of  my  armature  by  Professor  Ayrton's  assistants,  using 
the  new  Ayrton  and  Perry  instruments,  and  by  the  statement 
made  by  Professor  Ayrton  that  the  time-constant,  or  ratio  of  the 
self-induction  to  the  resistance,  was  about  the  same  in  my  machine 
and  in  that  of  an  alternator  of  another  maker,  which  latter  machine^ 
only  exhibited  very  feeble  synchronising  properties  when  attempts 
were  made  to  nm  two  of  them  in  parallel. 
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Mr.  Moidcy.  The  point  where  mathematical  treatment  of  the  subject 
appears  to  have  fietiled  is  that  it  has  not  taken  sufficient  acooont 
of  the  "  stiffness  "  of  the  field.  This  is  at  once  apparent  when 
this  measurement  of  the  self-induction  of  one  of  my  machines 
is  referred  to,  from  which  it  will  be  seen  that  the  self-induction 
was  practically  the  same  whether  any  impressed  field  existed  or 
not.  Manifestly,  with  no  impressed  field,  the  controlling  power 
of  the  machine  would  be  quite  inconsiderable,  although  the 
values  of  self-induction  and  resistance — upon  which  Dr.  Hopkinson 
relies — would  be  the  same  then  as  when  the  machine  was  working 
with  a  strong  impressed  field  and  under  the  conditions  giving 
the  maximum  generating  and  controlling  power.  Hence  it  is 
evident  that  a  theory  which  only  takes  cognisance  of  self- 
induction  and  resistance  must  be  altogether  illusory. 

There  are  several  reasons  for  the  view  that  his  theory  is 
incomplete.  His  paper  has  been  before  the  world  for  several 
years,  and  has  been  often  studied,  but  neither  its  author  (who 
has  been  engaged  on  the  subject)  nor  anyone  else  has  ever  based 
any  practical  advance  on  it.  Working  parallel  has  been  recently 
considered,  as  a  question  of  great  urgency  and  importance,  before 
this  Institution  and  elsewhere,  and  there  have  been  abundant 
opportunities  for  bringing  forward  any  useful  information,  bnt 
the  whole  subject  was  misunderstood ;  and  Dr.  Hopkinson,  who 
has  been  a  witness  of  the  struggles  that  on  all  sides  were  being 
made  towards  a  better  understanding  of  it,  has  remained  silent. 
I  am  sure  that  nothing  would  be  more  unlike  him  than  to  let  the 
whole  industry  suffer  for  want  of  a  little  clear  and  definite 
information,  if  he  had  been  able  to  give  that  information. 
Dr.  Hopkinson  even  took  part  in  the  discussion  on  Mr.  Kapp*$ 
paper  a  few  weeks  ago,  and  threw  no  light  on  this  question,  thus 
tacitly  subscribing  to  the  current  views. 

It  would  be  easy  to  find  several  other  instances,  besides  those 
mentioned  in  the  brief  enumeration  in  my  paper,  to  show  that  the 
views  generally  held  were  entirely  misleading  and  incorrect.  For 
example,  Mr.  Swinburne  alludes  to*  Dr.  Hopkinson's  mathematical 
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treatment,  and  says  that  he  has  put  the  matter  into  English  in  Mr.  Mordey; 

his  book  ;*  and  I  find  in  that  (recently  written)  book  it  is  stated 

(on  p.  151)  that  there  are  no  alternate-current  motors.      But 

nothing  less  than  the  actual  words  can  show  how  completely 

misleading  this  theory  was.     Mr.  Swinburne  proceeded,  in  the 

book  in  question :  "  It  seems  generally  to  be  assumed  that  the 

**  only  diflSculty  with  alternating-current  motors  is  to  start  them. 

**It  seems  probable,  however,  that  there  will  be  very  great 

"  diflSculty  in  designing  a  motor  which  will  work  with  reasonable 

**  eflSciency  and  varying  load.   An  alternating-  is  a  widely  different 

"  thing  from  a  direct-current  motor.** 

Having  seen  all  these  statements  disproved — ^having  seen  a 
50-H.P.  synchronising  motor  running  with  high  efficiency  under 
varying  load,  and  designed  on  the  lines  of  a  direct-current  motor — 
Mr.  Swinburne  now  comes  forward  and  says :  f  ^^  I  see  nothing  in 
"  Mr.  Mordey's  interesting  experiments  which  conflicts  with  the 
«  recognised  theory ;  in  fact,  the  position  of  syTichroTWua  motors 
**i«  Tiot  altered^^ — ^the  italics  are  mine.  Truly  the  Hopkinson 
theory,  as  rendered  into  English,  must  be  capable  of  infinite 
elasticity. 

Then  again,  only  a  few  months  ago,  Mr.  Swinburne,  who  had 
assimilated  this  theory,  stated  t  that  such  machines  as  mine 
would  not  run  in- parallel  at  all,  and  he  described  an  "  induction- 
** coupler"  which  he  had  devised  for  the  purpose  of  making 
them  so  run  by  inserting  self-induction.  That  device  is  a  very 
good  illustration  of  the  results  of  the  old  theories.  I  may  mention 
that  when  I  was  labouring  in  the  slough  of  those  old  theories  I 
independently  devised  that  identical  arrangement,  which  is  one 
quite  in  accord  with  the  requirements  of  those  theories,  so  far  as  I 
was  able  to  understand  them ;  and  having  entirely  failed  to  get  two 
ironless  alternators  of  a  well-known  type  to  work  parallel  in  their 
simple  condition,  I  tried  that  "  induction-coupler,"  without  any 
improvement  in  the  result.  That  was,  in  fact,  one  of  the  experi- 
ments that  opened  my  eyes  to  the  whole  fallacy.    It  helped  me 
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Mr.  Mordey.  to  866  that  anything  that  prevented  the  instanta«eous  parage 
of  the  neceftsary  '•  correcting  cnrrent  mnei  inevitably-  tend  io 
prevent  synchronotis  action. 

Referring  to  Professor  Adams's  criticism,  I  may  say  that  I  wm 
fully  aware  of  his  experiments  at  the  South  Foreland  Lighthanse, 
and  referred  to  them.  Professor  Adams  considersr  those  experi- 
ments as  conclusively  establishing  Dr.  Hopkinson's  theory.  I 
need  not  again  consider  them  in  that  connection,  bat  would  only 
say  that  the  motor  effects  obtained  were  Yiot  powerful,  and  that 
they  have  not  been  taken  as  forming  a  basis  for  -practical  «m- 
struction.  Indeed,  they  have  remained  on  record  as  the  not  v«y 
high  tide-mark  beyond  which  no  substantial  advance  was  foond 
practicable,  until  machines  having  very  diSferent  qualities  were 
developed.  It  would  cause  me  no  surprise  to  fed  that  the  South 
Foreland  experiments  succeeded  from  quite  diffevBut  causes  than 
those  imagined  by  Professor  Adams.  It  is  not  at  all  clear  that  any 
of  the  advocates  of  Dr.  Hopkinson's  theory -really  understand  what 
that  theory  is.  It  seems  to  cover  a  multitude  of  quite  opposite 
interpretations,  and  resembles  some  of  the  Hebi^w  prophecies  in 
its  comprehensive  applicability  to  occurrences — after  the  event* 
Professor  Adams,  I  am  afraid,  rather  supposes  that  I  make  some 
sort  of  claim  to  having  introduced  parallel  working.  The  object 
of  the  first  pcntion  of  my  paper  was  rather  =  Uf  state  what  lines  I 
thought  should  be  followed  in  order  to  obtain  the  best  results, 
and  to  show  that  on  those  lines  complete  success  could  be  attained 
at  a  time  when,  in  spite  of  Professor  Adams's  weU-known  and  valu- 
able paper,  considerable  and  well-founded  doubt  existed  as  to  the 
commercial  possibility  of  parallel  working.  In  one  respect,  how- 
ever, I  am  quite  unable  to  follow  Professor  Adams,  and  that  is  in 
some  of  his  analogies  between  alternators  working  parallel  and 
tuning-forks  vibrating  in  unison.  He  says  that  I  gave  the  octave 
when  I  had  one  machine  working  at  1,000  volts  and  the  other  at 
2,000  volts,  both  being  at  the  same  speed,  and  he  suggests  that  I 
should  give  the  double  octave,  and  various  other  ratios.  Now  I 
fail  to  see  that  there  is  any  true  analogy  between  various  rates 
of  sound  vibration  produced  by  tuning-forks  and  corresponding 
— >«tios  of  electrical  pressure.      It  would  be  just  as  correct  to  sij 


1889.]  DISCUSSION.  679 

that  a  steam  boiler  with  a  pressure  of  120  lbs.  on  the  square  Mr.  Mbrdfy' 
inch  was  giving  the  octave  of  another  boiler  working  at  60  lbs. 

As  to  the  very  diflferent  problem  of  running  alternators  parallel 
when  the  alternations  are  an  octave  of  one  another — a  possibility 
that  is  also  put  forward  by  Professor  Adams,  and  which  has  been 
mentioned  to  me  by  Mr.  Sumpner  and  others-^I  can  only  say  that 
I  have  not  tried  it,  partly  .because  it  does  not  hold  out  any  promise 
of  a  useful  result  if  successful,  and  partly  because  I  feel  pretty 
sure  it  would  not  succeed,  except  with  machines  having  so  much 
self-induction  as  to  render  them  unsuitable  for  practical  purposes. 
A  little  consideration  will,  I  think,  show  that  this  must  be 
the  case. 

Professor  Adams  refers  to  the  loud  humming  noise  made  by 
my  alternators  when  they  were  connected  parallel  while  out  of 
phase  as  **  very  sufficient  evidence  of  very  considerable  self- 
"  induction,  in  consequence  of  which  the  speed  of  one  machine  is 
"  suddenly  increased,  and  of  the  other  as  suddenly  diminished." 
This  noise  is  really  a  proof  of  the  contrary.  It  is  caused  by  the 
enormous  rush  of  current  which  the  comparative  absence  of  self- 
induction  renders  possible,  and  this  momentary  rush  puts  the 
machines  in  phase  with  a  jerk.  As  bearing  on  this  point,  I  may 
mention  that  some  machines  that  are  said  to  have  large  self- 
induction  do  not  make  this  noise  under  the  same  circumstances. 
Their  self-induction  prevents  any  such  rush  of  current,  and, 
according  to  my  view,  also  prevents  their  working  parallel. 
Although  dissenting  from  my  explanation,  this  rush  of  current 
is  recognised  by  Mr.  Swinburne  (p.  656)  as  a  proof  of  absence  of 
self-induction. 

It  is  interesting  and  important  to  consider  another  action 
arising  out  of  this  matter^  In  several  machines — some  with 
and  some  without  iron — ^the  self-induction  is  so  serious  that  it 
does  as  well  to  short-circuit  armature  colls  as  to  cut  them  out 
when  it  is  desired  to  reduce  the  potential  difference  at  the 
terminals.  In  fact,  these  machines  cannot  be  injured  by 
accidental  or  intentional  short-circuits.  They  obtain  this 
advantage,  however,  at  the  cost  of  every  other  good  quality.. 
The  rush  of  current,  the  effect  of  which  Professor  Adams  noticed. 
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Mr.  Moidey.  but  misunderstood,  in  my  machine,  could  not  take  place  witl 
such  high  self-induction  machines.  They  could  be  put  into 
connection  when  out  of  phase,  and  would  simply  choke  back 
the  ourrent  which  attempted  to  put  them  into  step. 

I  think  there  is  no  real  diflference  of  opinion  between  Major 
Garde w  and  myself  on  the  subject  of  safeguards.  I  quite  agree 
with  him  that  the  two  contacts  a  and  h  may  be  '^  ready  waiting" 
for  a  person  to  make  the  other  two  contacts  and  so  receive  a 
shock.  It  is  to  prevent  the  possibility  of  this  that  I  so  strongly 
recommend  earthing.  It  is  an  absolute  ^feguard,  costs  nothing, 
and  does  not  cause  interference  with  the  telegraph  or  telephone 
service.  I  cannot  admit  that  it  increases  fire  risks.  I  think  it 
lessens  them,  because  it  makes  it  certain  that  a  faulty  transformer 
or  house  circuit  cannot  remain  on.  The  safety  fuse  on  an 
earthed  circuit  instantly  cuts  off  a  faulty  house,  and  so  pre- 
vents that  gradual  accumulation  of  unsound  or  actuall; 
defective  places  that,  without  some  such  safeguard,  would 
soon  render  a  large  supply  service  unworkable.  As  to  the 
supposed  excessive  strain  on  a  100-volt  circuit  if  it  is  earthed, 
that  does  not  exist  in  practice.  The  secondary  is  earthed  in  the 
middle,  so  that  the  strain  is  really  only  50  volts ;  and  an 
installation  that  will  not  stand  that  strain  is  radically  bad  and 
ought  not  to  be  allowed  anywhere.  The  great  advantage  <rf 
earthing  is  that  it  secures  safety,  protects  the  customer  against 
bad  work  and  leakage  through  his  meter,  and  protects  the 
system  against  the  presence  of  rotten  installations.  If  the  fiie 
o£Sces  do  not  see  before  long  that  earthing  does  not  increase  fire 
risks,  I  shall  be  greatly  surprised. 

One  or  two  points  in  Dr.  Fleming's  remarks  require  some 
reply  from  me.  His  suggestion  to  account  for  the  behaviour  of 
transformers  with  diflferent  periodicities  is,  I  think,  very  pretty 
and  very  ingenious.  At  first  I  could  not  fully  accept  it,  as  the 
greater  penetration  of  the  eddy  currents  into  the  iron  at  a  low 
periodicity  seemed  to  be  an  eflfect  that  would  not  be  likely  to  be 
felt  with  very  thin  conductors,  such  as  the  laminated  iron  (see 
under  "  Conductors  ") ;  but  I  now  see  that  the  currents  in  th« 
laminations,  although  very  close  together  and  insulated  from 
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each  other,  can  act  on  one  another  and  produce  the  "  virtual  Mr.  MoMcy. 
**  resistance  "  eflfect. 

Professor  Fleming's  objection  to  my  substitution  of  the  word 
**  magnetisation  "  for  "  induction "  is  not  a  very  strong  one.  I 
have  only  to  say  that  I  think  "  induction'*  would  not  be  a  good 
word  even  if  it  had  not  already  been  secured  for  a  dozen  other 
purposes.  Some  limit  should  be  placed  to  the  multiplication  of 
meanings  given  to  this  one  word,  which,  after  all,  is  not  an 
electric  or  magnetic  word  at  all. 

Mr.  Kapp  has  latterly  given  much  attention  to  this  subject 
of  alternate-current  working,  and  understands  its  difficulties. 
On  this  account,  and  also  because  I  was  obliged  to  strongly 
oppose  some  of  his  views,  I  highly  appreciate  his  kind  remarks 
about  the  paper.  He  accepts  all  my  facts,  but  rejects  my  inter- 
pretation. He  will,  I  feel  sure,  accept  them  both  on  further 
consideration. 

The  experiment  of  which  he  suggests  an  explanation,  which 
is  in  some  respects  similar  to  the  explanation  proposed  by  Sir 
William  Thomson,  is  no  doubt  a  very  interesting  one.  It  is  a 
case  not  very  likely  to  occur  in  practice,  but  deserves  attention. 
I  do  not,  however,  quite  agree  with  Mr.  Kapp  and  Sir  William 
Thomson.  I  wish  their  explanations  were  more  convincing,  and 
were  not  so  much  opposed  to  Professor  Ayrton's  measurements 
of  the  self-induction  with  different  relative  positions  of  armature 
and  field,  and  with  various  field  strengths,  which  showed  that 
the  actual  .conditions  are  exactly  the  reverse  of  those  relied  upon 
in  Mr.  Eapp's  supposition. 

I  think  that  in  any  case  the  actual  magnetising  or  de- 
magnetising action  exerted  by  the  armature  on  the  field  magnet 
must  be  small,  partly  for  the  reason,  pointed  out  by  Professor 
Silvanus  Thompson,  that  there  was  not  time  in  a  half-period  for 
the  solid  iron  to  undergo  any  change,  and  partly  because  the 
armature  is  purposely  made  so  as  to  exert  as  small  an  effect  of 
that  kind  as  possible.  The  machine  consists  of  a  very  powerful 
electro-magnet,  the  field ;  and  a  very  weak  electro-magnet,  the 
armature.  Even  if  coils  similar  to  the  armature  coils  were  wound 
on  the  extremities  of  the  polar  horns,  and  had  a  direct  curreni'^ 
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Mr.  umd9j.  6Mit  through  them  equal  to  the  TnaTimnTn  wcurking  alternate 
current,  they  would  not  produce  a  very  powerful  effect  on  the 
field. 

One  of  the  difficulties  met  with  in  considering  this  question 
is  that  there  is  no  means  of  knowing  which  maohiae  was 
generator  and  which  motor.  This  depends,  of  course,  upon  the 
relative  power  of  the  engines.  It  is  quite  possible  that  the 
lower  E.M.F.  machine  was  acting  as  the  generator. 

I  can  only  say  that  I  will  take  the  first  opportunity  of  acting 
on  Sir  William  Thomson's  suggestion  as  to  testing  the  supposed 
changes  of  magnetisation,  and  hope  thus  to  be  able  to  settle  this 
question. 

Mr.  Swinburne  challenges  my  conclusions  on  several  points 
with  his  usual  vigour,  and  I  very  willingly  take  up  the  gauntlet. 
I  have  already  alluded  to  some  remarks  of  his  which  place  him  is 
the  honourable  light  of  an  interpreter  of  Dr.  Hopkinson's  mathe- 
matics. The  position  is  one  that  requires  great  powers  of 
endurance  and  considerable  courage. 

Mr.  Swinburne  says  that  ^^  electrical  engineers  do  not  realise 
^^  what  is  wanted  in  parallel  running."  I  accept  this  candid  state- 
ment as,  at  any  rate,  quite  correctly  describing  his  attitude  in  the 
matter ;  and  am  therefore,  of  course,  prepared  to  find  that  he 
disagrees  with  most  of  my  views. 

He  commences  by  stating  .that  so  &r  firom  the  motor  being 
kept  in  step  because  its  self-induction  was  small,  that,  if  there 
were  no  self-induction,  the  generator  would  have  no  control  at  all 
over  the  motor. 

This  is  an  instance  of  a  very  common  mistake— that  of  suppos- 
ing that  if  there  is  practically  no  self-induction  there  can  be  no 
generating  or  motive  capability.  The  exact  contrary  is  the  case, 
as  I  tried  to  explain  in  the  paper  when  I  expressed  the  view  that 
^'a  perfect  alternator  for  any  and  every  purpose  should  have  no 
^resistance  and  no  self-induction"  (page  591).  Of  course  this 
condition  is  unattainable  in  practice.  It  is  a  mere  expression 
of  the  direction  in  which  it  appeared  desirable  to-  advance;  and, 
as  I  have  already  said,  I  am  prepared  to  put  it  that  the  most 
perfect  alternator  conceivable  is  one  which  has  ian  indefinitely 
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small  self-induefeion  and  resistance.  This  idea  that  the  generating  Mr.  Mordey. 
or  controlling  power  is  connected  directly  with  the  self-induction 
is  clearly  npset  by  the  fact,  shown  by  Professor  Ayrton's  experi* 
ments,  that  the  self-induction  is  not  sensibly  altered  by  variations 
of  the  field  strength  or  position.  I  need  scarcely  repeat  that  the 
generating  or  controlling  power  depends  almost  entirely  on  the 
afield  strength  and  position  relatively  to  the  armature. 

But  Mr.  Swinburne  sticks  to  the  ordinary  iallacy  and  says— or 
implies — that  such  a  machine  would  not  act  at  all  either  as 
genemtor  or  motor,  and  reproaches  me  for  attacking  existing 
theories  without  giving  one  of  my  own  to  take  their  place.  Even 
that  course  would  have  been  quite  justifiable  if  I  had  found  the 
existing  theory  bad.  But  I  have  given  a  theory.  I  have  said  what 
I  thought  a  perfect  generator  or  motor  should  be,  and  have 
attempted  to  explain  the  ra^tumale  of  the  action  of  two  such 
machines  when  controlling  each  other.  Let  me  take  a  case.  The 
armature  of  my  machine  has  a  certain  resistance  and  a  certain 
self-induction.  These  qualities  are  unfortunately  unavoidable, 
but  I  made  the  machine  as  good  as  I  possibly  could  by  reducing 
them  both«  This  was  done  by  the  use  of  a  strong  and  ^^  stiff" 
field.  Need  I  explain  that,  if  the  properties  of  iron  had  permitted 
it,  I  should  have  been  able  so  to  increase  the  field  as  to  allow  of  a 
proportionate  reduction  of  the  resistance  and  of  the  self-induction 
of  the  armature?  And  if  I  could  have  got  an  indefinitely  strong 
field  I  should  have  reduced  the  armature  resistance  and  self- 
induction  also  indefinitdy.  Then  I  should  have  the  '^perfect 
'^alternators"  that  I  alluded  to  working  as  generators  or  as  motors, 
singly  or  parallel. 

But  Mr..  Swinburne,  bearing  out  his  opening  statement,  implies 
that  such  machines  would  not  work  at  all. 

Then,  again,  speaking  generally,  he  says :  ^^  To  nutke  them  run 
f^paiaUel  commercially  needs  a  large  corrective  tendency*  This 
^  can  only  be  got  by  making  the  machines  so  that  the  maximum 
^^cwr^tt  is  not  at  the  same  time  as  the  maximum  E.M.F." 
•Thi^is  eauiQtty.the  opposite  of  the  actually  best  conditions*  Of 
caurpe  they  need  a  large  corrective  tendency  and  great  stability, 
88   Bxk  Fleming  says.     I  urged   this    strongly  in  my  paper 
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Mr.  Mordey.  (page  591).  Inverting  Mr.  Swinburne's  statement — which  reallj 
means  that  the  machines  must  have  large  self-induction — ^I  say 
this  large  corrective  tendency  can  only  be  got  to  its  fullest  extent 
by  making  the  machines  so  that  the  maximum  current  is  at  the 
same  time  as  the  maximum  E.M.F.,  at  any  rate  when  working  on 
an  inductionless  circuit.  Mr.  Swinburne  quite  correctly  interprets 
the  restriction  imposed  by  the  conditions  he  thinks  best  when  he 
says  ^'  that  the  machines  must  be  made  larger  to  give  a  given 
"output.  They  must  also  be  somewhat  less  efficient."  Ihe 
whole  object  of  the  first  section  of  my  paper  was  to  show  that 
such  views  were  both  practically  and  theoretically  wrongr,  and  I 
am  surprised  that  a  literal  restatement  of  them  should  now  be 
put  forward. 

The  best  practicable  alternator  for  any  and  every  purpose 
should  have  the  lowest  practicable  resistance  and  self-induction. 
It  will  not  be  larger  for  a  given  output  or  less  efficient.     It  will 
not  have  its  maximum  current  at  a  different  time  from  its  maxi- 
mum E.M.F,,  and  it  will  exert  a  large  corrective  tendency  in  the 
most  powerful  and  unhesitating  manner,  and  will  mRinfAiTi  syn- 
chronism with  the  least  difference  of  time-phase  between  any 
two  machines.     Such  are  the  views  to  which  I  am  driven  by  the 
logic  of  facts.    On  one  point  I  agree  with  Mr.  Swinburne — that  if 
a  large  corrective  margin  is  required,  the  internal  loss  must  be 
large ;  but  even  here  we  do  not  fully  agree.    With  the  old  theories 
the  corrective  margin  was  out  of  all  proportion  to  the  effect 
required  to  be  produced.     By  the  sudden  and  strong  action  I 
obtain  by  departing  as  far  as  possible  irom  the  old  theories  I  get 
this  large  corrective  margin  of  power  by  a  small  margin  in  the 
capacity  of  the  machine.    It  is  obviously  unwise,  however,  to 
attempt  to  run  machines  parallel  when  they  require  to  exert  a 
large  controlling  power.    My  experiments  showed  that  they  coold 
exert  this  power ;  but  the  driving  plant  that  requires  large  control 
is  not  suitable  for  parallel  working. 

Mr.  Swinburne's  calculations  on  the  efficiency  and  dimensions 
of  transformers  are,  I  am  sure,  very  interesting ;  but  I  scarcely 
think  we  are  yet  in  a  position  to  settle  these  matters  entirely  on 
paper.    There  are  so  many  variables,  and  there  is  so  little  actual 
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knowledge  of  the  laws  governing  the  heating  by  eddies  and  by  Mr.  Moid^jr. 
hysteresis  in  transformers,  that  it  is  probably  best  to  rely  mainly 
on   experiment  for  the   present.      Thus  Professor  Ewing  says 
(page  642)  in  his  letter:  "We  cannot  be  sure  that  the  loss  by 
"  hysteresis  is  proportional  to  speed,  especially  when  the  speed  is 
"high;"  and  my  experiments  on  armature  cores  support  this 
view,      Mr.   Swinburne,   however,  is    sufficiently  sure   on   this, 
and  all  the  other  points,  to  rely  upon  his  calculations  for  trans- 
formers working  under  widely  different  conditions.     I  admire  his 
courage,  but  advise  him  to  be  prepared  for  disappointments  when 
the  transformers  are  constructed.     I  cannot  at  all  agree,  either, 
that  the  eddies  in  the  iron  are  negligible,  in  spite  of  any  calcula- 
tions showing  them  to  be  inappreciable.     It  will  be  found  that 
my  tests  bear  out  very  closely  the  results  as  regards  loss  that  are 
known  to  be  obtained  in  low-period  direct-current  machines. 
Those  experiments  confirm,  as  regards  hysteresis,  the  results  of 
Ewing  and  Hopkinson  ;  and  as  to  the  eddies  it  is  open  to  anyone 
to  check  them  by  experiment  or  by  reference  to  any  reliable 
tests.    I  would,  however,  point  out  that  in  the  celebrated  paper 
of  the  Drs.  Hopkinson  on  "  Dynamo-electric  Machinery,"*  one 
of  the  two  power  readings  which  are  available  for  this  purpose 
is  wrong,  the  total  loss  of  power  being  given  as  less  than  the 
calculated  hysteresis  loss.     I  have  pointed  out  this  discrepancy 
to  Dr.  Hopkinson,  and  find  that  he  is  aware  of  it.    It  was  no 
doubt  an  incorrect  reading. 

Professor  Silvanus  Thompson  and  Professor  Forbes  ask  for 
information  as  to  the  governing  of  the  engines  driving  the  two 
alternators  in  the  experiments.  Those  engines  were  not  governed 
automatically  at  all ;  they  were  simply  controlled  by  hand.  Of 
course,  if  they  had  been  well  governed  automatically,  the  tests 
would  have  been  much  less  severe.  As  it  was,  it  was  left  to  the 
engine-driver  to  give  each  engine  as  much  steam  as  he  thought 
was  necessary.  In  such  a  case,  if  one  engine  is  more  powerful 
than  another,  the  power  of  mutual  control  is  severely  tested  ;  if 
the  engines  are  working  under   similar  conditions,  then  the 
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Mr.  Mordey.  corrective  margin  is  not  required  to  be  large*  The  utmost  strain 
is  put  on  the  arrangement  when,  as  was  done  in  the  experiments, 
steam  is  entirely  shut  oflF  one  engine. 

I  trust  Professor  Thompson  will  continue  his  very  interesting 
experiments  on  the  seat  of  the  back  E.M.F.  in  arcs.  The 
subject  requires  investigation.  The  method  used  will  probably 
yield  useful  results  as  regards  a  comparison  between  direct-  and 
altemate-currt^nt  arcs.  There  is  one  point  to  which  I  wish  to 
draw  Professor  Thompson's  attention,  and  that  is  wliether  there 
is,  in  an  AC.  arc,  an  eflFect  of  the  opposing  E.M.F.  in  producing 
a  displacement  of  the  current  phase.  I  suppose  it  may  be  taken 
as  proved  that  the  arc  has  an  E.M.F.  as  well  as  a  resistance ;  and 
with  a  rapidly  alternating  current  it  seems  possible  that  this  may 
produce  a  lag,  and  may  act  in  that  respect  something  like  electro- 
magnetic self-induction.  Such  an  effect  may  perhaps  also  be 
found  in  A.C.  electrolysis.  I  note  Professor  Thompson's  criticism 
of  my  statement  that  in  the  characteristic  the  drop  is  partly  due 
to  resistance  and  partly  to  self-induction.  He  does  not  say  that 
I  am  wrong.  Several  effects  are  produced  by  the  currents — eddy 
and  useful — generated  by  motion,  and  it  is,  I  think,  allowable  tx> 
describe  the  net  result  on  the  characteristic  as  due  to  self- 
induction. 

I  have  already  referred  to  Professor  Thompson's  expression  of 
doubt  as  to  whether  there  is  time  in  a  half-period  for  the  large 
mass  of  iron  in  the  polar  horns  to  become  magnetised.  He  is 
probably  quite  right,  but  I  have  had  no  opportunity  of  settling 
the  point.  If  there  is  any  effect  it  will  probably  be  almost  a 
steady  one,  as  pointed  out  by  Sir  William  Thomson ;  that  is  to 
say,  the  iron  will  not  follow  the  varying  impressed  magnetising 
force,  but  will  take  up  an  average  state,  depending  upon  the 
current  and  the  relative  position  of  armature  and  field. 

Professor  Ayrton,  in  his  opening  words,  appears  to  ally  himself 
with  the  views  that  I  have  sought  to  upset ;  but  I  have  to  thank 
him  for  having,  contributed  an  account  of  exjjeriments  which, 
perhaps  more  than  anything  I  can  say,  tend  to  support  my  con- 
tention. He  referred  to  the  method  of  testing  transformers  that 
I  guggested.  That  method  may  be  safely  used,  except  with  a 
~  very  inefficient  transformer. 
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As  to  the  curves  of  temperature,  I  can  only  say  that  I  have  Mr.  Mordev 
no  reason  to  doubt  the  accuracy  of  the  tests,  which  were  most 
carefully  carried  out. 

Professor  Forbes  pointed  out  that  it  is  wrong  to  suppose 
there  are  only  two  means  of  distributing  alternate  currents.  I 
quite  agree  with  him ;  but  although  I  have  dwelt  at  some  length 
on  the  subject  of  working  parallel,  I  do  not  think  that  method  is 
suitable  for  all  cases.  It  is  a  great  convenience,  and  in  a  pro- 
perly designed  station  can  always  be  adopted ;  but  where,  either 
from  the  design  of  the  machines  or  from  the  character  of  the 
engines,  a  large  corrective  margin  is  necessary,  then  it  may  be 
better  to  work  singly,  putting  such  of  the  mains  in  parallel  on 
one  machine  as  may  be  convenient. 

If  the  alternators  are  suitable  for  parallel  work,  then  the 
diflferent  mains  may  be  run  parallel  from  a  common  or  omnibus 
pair  of  terminal  bars,  each  main  being  fed  through  a  safety  fuse, 
in  order  to  prevent  more  than  local  extinction  in  case  of  a  short- 
circuit. 

With  regard  to  Mr.  Zipemowski's  communication,  I  am  sorry 
he  should  think  the  statements  I  made  about  working  his  alter- 
nators parallel  are  erroneous.  Those  statements  are  substantially 
quotations  from  his  own  writings.  He  objects  to  a  passage  in  my 
paper  in  which  I  said  that  his  reason  for  working  at  the  very  low 
periodicity  of  42  was  to  enable  him  to  run  the  machines  parallel. 
My  authority  was  his  own  letter,  published  a  few  days  before  my 
paper.*  In  this  letter — to  quote  it  more  fully — he  said :  "  The 
**  relatively  low  number  of  alternations  (5,000  per  minute),  which 
**  we  have  chosen  on  principle  .  .  .  that  we  by  this  means  are 
<*  enabled  to  couple  our  dynamos  in  parallel  is  not  a  secondary 
**  result,  but  just  the  end  we  were  aiming  at."  Mr.  Zipemowski 
now  writes  (page  672):  "  We  state  that  we',have  not  reduced  the 
*'  periodicity  because  of  the  coupling  in  parallel." 

I  must  leave  these  two  opposed  statements  to  speak  for 
themselves. 

The  other  statement  which  Mr.  Zipemowski  questions  is  that 
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Mr.  Mordey.  the  magnetic  flux  in  the  field  ought  to  be  constant,  and  I  am 
blamed  for  not  giving  my  reasons  for  this  statement.  I  did  not 
go  into  the  matter  very  fully,  as  it  seemed  unnecessary ;  but  when 
I  said  that  want  of  constancy  "  necessarily  led  to  losses  in  the 
"field,  the  lamination  of  which  in  the  Zipemowski  machine 
"  showing  that  such  losses  must  be  serious "  (p&ge  629),  I  am 
sure  I  sufficiently  indicated  the  nature  of  the  waste  which  occurs 
under  the  conditions  referred  to. 

I  am  glad  to  have  elicited  Mr.  Zipemowski's  remarks  about 
the  Granz  alternate-current  motor,  and  shall  look  forward  to  seeing 
an  actual  description  of  that  apparatus.  The  publications  on  that 
subject,  to  which  my  attention  is  called,  are  remarkable  for  the 
small  amount  of  definite  information  they  contain.  I  can  learn 
nothing  from  them.  We  are  not  told  anything  at  all  about  the 
form,  mode  of  action,  or  principle  of  the  machine.  There  are  no 
doubt  good  and  sufficient  reasons  for  this  reticence. 

Of  Mr.  Fricker^s  contribution  I  need  only  say  that  it  is  a  very 
clear  statement,  with  which  I  wholly  agree. 

The  President  :  I  will  now  call  on  Mr.  Hookham,  our  newest 
acquisition  as  a  member,  to  describe  the  current-meter  which  he 
has  been  good  enough  to  bring  before  us  this  evening. 
Mr.  Mr.  Gr.  Hookham  :  I  am  very  much  obliged  to  you  for  the 

indulgence  which  you  have  given  me  this  evening,  in  prolong- 
ing the  meeting  on  purpose  to  hear  me  explain  my  meter.  Of 
course  I  understand  that  the  time  is  extremely  short,  and  I  will 
make  the  best  use  I  can  of  it.  My  meter  is  a  rather  small  affiiir, 
and  it  will  be  impossible  to  explain  it  satisfactorily  to  a  meeting 
like  this  without  diagrams ;  but  I  knew  that  my  time  in  any  case 
would  be  extremely  short,  that  I  should  not  be  able  to  make  iL«e 
of  the  diagrams,  and  that  I  must  content  myself  entirely  with 
just  placing  the  meter  on  the  tab'e  and  introducing  it  to  yon. 
doing  what  I  can  to  explain  its  working  parts  from  the  meter 
itself. 

The  meter  consists  essentially  of  an  electro-motor,  and  is  self- 
contained,  requiring  no  extraneous  motive  power  like  clockwork 
or  anything  of  that  sort,  the  field  being  provided  in  this  case  by 
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permanent  magnets.  The  brass  tube  contains  10  or  12  bar-  Mr.  ^^ 
magnets  of  tungsten  steel,  extremely  hard,  weighing  about  half 
a  lb.  apiece,  so  that  there  is  perhaps  5  lbs,  or  6  lbs.  weight  of 
tungsten  steel  in  the  brass  tube.  The  iron  pole-pieces  fit  fairly 
well  between  the  magnets  and  the  cast-iron,  so  as  to  reduce  the 
air-space  resistance  at  those  points.  There  is  a  simple  anti- 
friction train,  the  practical  use  of  which  is  that  it  avoids  the 
necessity  of  lubrication.  A  double  mercury  commutator  is  em- 
ployed, the  connections  between  the  sections  on  the  two  halves 
being  so  arranged,  that  when  the  two  halves  are  dipping  with 
their  lower  edges  in  two  mercury  cups  on  the  same  level,  the 
effect  is  the  same  as  when  in  an  ordinary  dynamo  one  brush 
presses  on  one  side  of  the  commutator  and  the  other  on  the 
opposite  side.     [Detail  working  of  meter  described.] 

The  proportionality  is  obtained  in  this  way.  This  wire  is 
mounted  on  a  solid  copper  disc,  and  as  that  revolves  in  the  field, 
Foucault  currents  are  generated  in  the  copper  disc,  at  the  sharp 
edges  of  the  pole-pieces,  and  the  work  done  on  those  Foucault 
currents  will  be  as  the  square  of  the  speed;  the  brake-force 
increases  as  the  speed,  consequently  the  speed  will  vary  directly 
as  the  driving  force.  In  this  case  the  armature  carries  the 
current  to  be  metered,  revolving  in  a  constant  field,  consequently 
the  speed  will  vary  directly  as  the  current.  I  cannot  in  the  time 
at  my  disposal  show  you  its  proportionality,  but  I  think  every 
electrician  present  will  understand  that  if  we  can  get  rid  of 
friction — i.c.,  make  all  other  work  done  negligible  compared  with 
the  work  done  on  Foucault  currents — ^the  thing  must  be  propor- 
tional ;  as  a  matter  of  feet,  it  is  most  accurate.  Of  course,  for  a 
very  small  current,  where  the  driving  force  is  also  extremely  small, 
friction,  both  static  and  the  liquid  friction  of  the  mercury,  enters 
as  a  disturbing  cause.  Thus,  in  a  40-light  meter,  with  one  lamj)  ^ 
there  may  be  an  error  of  perhaps  25  or  30  per  cent.,  witl^  two 
lamps  10  per  cent.,  with  three  or  four  lamps  it  practically 
disappears,  and  for  all  numbers  above  that  it  is  absolutely 
proportional.     [Meter  shown  in  operation.] 

The  power  is  supplied  by  cells  kindly  lent  by  the  ElectricaM^ 
Power  Storage  Company.    The  meter  has  been  in  use  18  months. 
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Mr.  and  there  has  been  no  falling-off  in  the  field.     In  our  recent 

Hookham.  ° 

patterns  we   omit  the  short-circuiting  bar,  as  we  find  it  quite 
unnecessary. 

The  President  :  You  have  not  made  it  quite  clear  on  what 
fundamental  principle  the  meter  rests — that  is,  the  way  the 
magnetic  brake  acts. 

Mr.  G.  Hookham  :  The  brake  is  made  by  Foucault  currents 
generated  in  the  disc,  and  the  brake  increases  proportionally  to 
the  speed.  Ten  amperes  are  now  running,  and  that  is  the  fall 
current  for  which  we  sell  this  meter;  it  is  now  running  at  14 
amperes,  but  it  is  inconvenient 

The  President  :  Inconvenient  in  what  ? 

;Mr.  G.  Hookham  :  It  might  throw  the  mercury  about. 

The  President  :  I  have  seen  the  action  of  the  mercury  on 
the  pieces  of  copper  dipping  into  it. 

Mr.  G.  Hookham  :  In  the  shimted  meter  we  use  an  armature 
of  comparatively  high  resistance,  so  that  the  variation  of  resist- 
ance at  the  mercury  contacts — the  only  variable  part — is  un- 
important. We  tested  this  variation  on  a  meter  whose  armature 
had  a  resistance  of  1-500  of  an  ohm,  and  found  a  variation  of 
10  per  cent.  The  armature  of  this  shunted  meter  has  a  resistance 
of  •  1  ohm,  so  that  the  error  is  reduced  fifty  times.  I  wish  to  call  your 
attention  to  this  form,  as  an  important  point  is  involved.  When 
showing  it  to  Sir  William  Thomson,  he  said  I  should  find  an  error 
when  there  was  a  variation  in  atmospheric  temperature,  the  shunt 
conductor  being  of  i)latinoid  and  the  armature  of  copper ;  but  it  is 
a  curious  fact  that  there  is  a  compensation  here  for  the  tempera- 
ture error.  We  have  heated  the  meter  up  to  50°  F.  above  the 
atmosphere :  the  resistance  of  the  german  silver  remains  constant, 
consequently  it  gets  more  current ;  but  at  the  same  time  the  (^isc 
is  heated  up  so  that  the  resistance  to  the  Foucault  currents  is 
increased,  and  consequently  the  work  done  less ;  and  up  to  5(f 
we  find  no  temperature  error  in  a  meter  shunted  with  platinoid. 

The  President  :  Will  you  say  a  word  or  two  about  the  metal 
contacts  ? 
—  Mr.  Gr.  Hookham  :  That  is  a  point  we  had  to  test  in  practice, 

id  we,  have  had  to  appeal  to  it  as  the  only  test  for  shoving 
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which  is  the  best  form  of  contact.     We  have  had  meters  under  Mr. 

Hookham. 

observation  now  for  more  than  eighteen  months ;  we  have  tried 
platinum  and  other  forms  of  dry  contact,  but  the  best  of  all  is  an  . 
amalgamated  contact  along  the  edge  of  a  copper  commutator 
plated  with  nickel,  the  nickel  being  removed  along  a  fine  line  at 
the  edge  of  each  section.  This  remains  quite  unaltered  month 
after  month,  and  we  never  have  found  any  trouble  with  that,  and 
the  resistance  of  an  amalgam  contact  is  practically  nil. 

Professor  J.  Perry  :  May  I  ask  what  Mr.  Hookham  finds  is 
new  in  this  ?  Is  it  the  shape  of  the  magnet  he  has  used,  or  what 
does  he  claim  as  new  ? 

Mr.  Gr.  Hookham  :  I  quite  understand  the  bearing  of  Professor 
Perry's  question.  What  is  new  is  that  this  is  a  working  instru- 
ment. I  am  quite  aware  of,  and  I  have  not  the  slightest  wish  to 
disparage,  the  work  done  by  Professors  Ayrton  and  Perry ;  I  am 
fatiiiliar  with  the  specification  in  which  the  principle  is  laid  down 
independently.  This  is  not  the  time  to  discuss  such  a  question 
as  that ;  but  I  suggest  to  Professors  Ayrton  and  Perry  that  they 
have  not  described  a  working  instrument  in  that  specification. 

The  President  :  The  principle  of  using  Foucault  currents  to  l^^^^^ 
control  speed  for  an  electric  meter  was,  I  believe,  first  suggested  by 
Messrs.  Ayrton  and  Perry,  and  thus  became  known  to  most  of  us. 
The  way  of  carrying  it  out  in  Mr.  Hookham's  meter  is  decidedly 
novel,  I  believe;  and,  when  we  consider  the  difficulties  to  be 
overcome,  we  cannot  but  admire  the  result.  Mr.  Hookham's 
meter  has  been  in  practical  use  for  some  time,  I  believe  ? 

Mr.  Gr.  Hookham  :  There  are  about  200  in  use,  and  the  longest 
has  been  in  use  fDr  about  20  months. 

The  President:  The  exceedingly  convenient  adjustment  of 
the  magnetic  field  is  important,  but  I  am  still  more  interested  to 
learn  that  no  readjustment  has  hitherto  been  found  necessary. 
That  shows  that  the  magnetic  part  of  the  instrument  is  of  a 
valuably  durable  character. 

Mr.   R.  E.   Crompton  :   I  have  had   some   experience  with  mt^^  ^^ 
meters  used  on  central  station  work,  and  have  recently,  through 
the  kindness  of  Mr.  Hookham,  had  an  opportunity  of  testing  one 
of  his  meters,  or  rather,  I  should  say,  that  it  has  been  tested  Ibr' 
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w^  me  by  the  resident  engineer  of  the  Kensington  Court  Company. 

From  our  tests  it  appears  that  this  form  of  meter  registers  in 
favour  of  the  Company  supplying  at  very  small  loads,  although  it 
is  correct  at  ordinary  loads. 

Mr.  Cr.  HooKHAM :  I  ought  to  say  that  Major  Cardew  has  had 
the  meter  under  test  for  months,  and  has  reported  favourably 
on  it. 

Mr.  R.  E.  Crompton  :  I  cannot  account  for  this  peculiarity  in 
which  this  meter  differs  from  all  others,  other  than  by  supposing 
that  the  braking  action  of  the  Foucault  currents  induced  in  the 
copper  have  not  sufficiently  compensating  effects  at  the  lower 
portion  of  the  range. 

Mr.  Gr.  HooKHAM  :  I  understand  you  to  say  it  is  in  favour  of 
the  Company. 

The  President  :  It  is  against  the  Company. 

Mr.  R.  E.  Crompton:  I  state  that  it  is  in  favour  of  the 
Company. 

The  President  :  It  is  against  the  Company. 

Mr.  R.  E.  Crompton:  I  think  you  will  find  the  facts  are 
as  I  say. 

Mr.  G.  HoOKHAM  :  On  theoretical  grounds. 

Mr.  R.  E.  Crompton  :  Yes,  on  theoretical  grounds.  I  do  not 
attach  great  importance  to  this  point.  I  asked  it  more  with  a 
view  of  ascertaining  whether  others  have  noticed  the  same  thing. 
I  would  desire,  however,  to  testify  my  admiration  of  the  meter 
itself,  which  has  been  beautifully  thought  out,  and  the  design  has 
been  well  worked  out  from  a  mechanical  point  of  view. 
Thomro^'  The  President  :  In  regard  to  the  consumer  and  the  supplying 
company  it  is  rather  the  other  way,  because  at  all  speeds  the 
Foucault  brake-cmxent  is  in  simple  proportion  to  the  speed, 
while  friction  is  greater  relatively  at  low  speeds.  Thus,  at  the 
smallest  rates  of  consumption,  the  error  is  favourable  to  the 
consumer. 

Mr.  R.  E.  Crompton  :  Have  you  made  any  test,  Mr.  Hookham, 
to  see  if  that  is  the  case  ?  I  think  you  will  find  that  the  curve  i^ 
very  much  flatter.  r^  t 

The  President  :  Every  dynamo  affords  a  demonstration  thit 
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the  E.M.F.  is  proportional  to  the  speed.    The  question,  then,  is  sir  wiuiam 
merely  a  matter  of  resistance. 

Mr.  K.  E.  Crompton  :  I  have  no  doubt  it  is,  and  it  has  very 
great  range,  but  during  the  early  part  of  the  range  I  do  not  think 
it  is  so. 

The  President  :  From  the  most  absolutely  infinitesimal  speed 
to  the  highest  speed,  the  Foucault  current  is  simply  proportional 
to  the  speed,  except  so  far  as  resistance  is  altered  by  temperature. 
The  importance  of  Mr.  Grompton's  remark  as  to  the  accuracy  of  a 
meter  at  the  small  output  is  manifest.  In  respect  to  the  times  of 
small  consumption,  there  are  two  views  as  to  the  overcharging 
and  undercharging  the  user.  It  is  very  cheap  for  the  Company 
to  give  a  small  current  all  day  long,  for  the  Company  is  obliged 
to  have  work  kept  on  continuously  during  the  whole  24  hours ; 
and,  provided  it  is  not  too  great,  the  demand  may  be  not  enough 
to  sensibly  increase  the  work  required  of  the  engines,  or  the  fuel 
which  must  be  used  to  keep  them  going.  In  that  case  the 
Company  might  be  glad  to  give  each  consumer  a  quarter  of  an 
ampere  of  current  for  nothing,  simply  because  it  cost  the  Com- 
pany nothing  to  produce.  There  is  no  doubt  that  the  best 
meter  is  one  that  records  most  accurately  through  all  ranges  from 
the  lowest  to  the  highest,  and  if  there  is  a  fault  I  agree  with 
Mr.  Crompton  that  it  ought  not  to  be  against  the  consumer,  but 
rather  against  the  Company,  for  the  very  smallest  currents ;  and 
I  may  say,  from  tests  that  Mr.  Hookham  showed  me  in  my  own 
laboratory,  we  found  it  so.  It  recorded  too  little  in  proportion 
for  the  smallest  currents ;  but  from  half  an  ampere  or  an  ampere 
upwards  it  gave  a  wide  range  of  remarkably  accurate  simple 
proportion  to  strength  of  current  in  its  record. 

Mr.  S.  Joyce,  jun. :  It  is  well  known  that  instruments  of  the  Mr. 

Joyce,  jun. 

so-called  permanent  magnet  class  may,  with  great  care,  be  kept 
fairly  constant  in  strength,  and,  indeed,  we  have  had  in  Messrs. 
Paterson  &  Cooper's  experience  several  examples  of  this.  We 
have  had,  for  instance,  an  instrument  of  Ayrton  &  Perry's  old 
style  permanent  magnet  type  come  back  for  re-testing  after 
being  in  use  for  six  years,  and  have  found  no  practical  variation 
in  the  strength  of  the  magnet.     But  the  objection  to  so-called 
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mt.  permanent  magnets  is  that  they  may  be  easily  altered  in  strength 

by  being  placed  near  a  dynamo  or  other  powerful  magnetic 
apparatus ;  or  even  by  vibration  of  their  particles  due  to  knocks, 
especially  when  in  a  magnetic  field.  I  would  ask  JNlr.  Hookham 
whether  there  is  any  provision  to  prevent  the  customer  or  other 
person  from  tampering  with  the  strength  of  the  magnet  of  his 
beautiful  meter  ?  Is  the  case  which  covers  the  instrument  when 
in  use  of  stout  iron,  and  is  it  difficult  of  removal  ? 

Mr.  S.  Joyce  :  I  mean  is  it  protected  from  interference  on  the 
part  of  the  consumer  ? 

]Mr.  G.  Hookham  :  But  would  you  let  him  take  the  cov^er  off 
or  not  ? 

Mr.  S.  Joyce  :  That  is  rather  a  question  of  what  arrangement 
you  make. 

The  President:   It  would  be  a  very  clever  consumer   that 
would  increase  the  strength  of  the  magnet,  and  if  he  diminished 
it  he  would  have  double  to  pay. 
Mr.  Mr.  G.  Hookham  :  I  was  sorry  to  see  that  Major  Cardew  had 

Hookham.  ^  ^ 

left  the  room  when  I  heard  Mr.  Crompton's  remark,  because, 
except  myself,  I  think  he  has  made  most  experiments  on  the 
meter,  and  knows  best  that  it  measures  in  favour  of  the  consumer 
with  small  currents.   We  have  tested  hundreds  of  them,  and  we 
find  this  the  case  with  every  single  meter,  and  on  theoretical 
grounds  it  must  be  so :  there  is  a  certain  strength  of  current  when 
the  armature  does  not  move  at  all,  and  the  consumer  gets  his 
current  for  nothing.     The  permanency  of  the  magnet  is  of  course 
a  question  of  the  greatest  importance,  and  I  should  Uke  to  have 
given  a  much  longer  explanation  than  I  have  in  disposing  of  it 
to-night.     I  should  like  to  explain  how  the  magnets  are  made. 
This  type  is  made  with  a  good  many  turns  of  wire,  and  a  satu- 
rating current  is  flashed  through  them.     We  then  take  the  speed, 
and  then  this  is  hammered  with  a  heavy  weight  of  copper,  as 
much  as  the  construction  of  the  magnet  will  stand,  and  we  can 
rarely  reduce  the  field  more  than  one  per  cent.,  owing  to  the  low 
resistance  of  the  air  space.     We  then  by  a  reverse  current  reduce 
it  about  10  per  cent.  ;   after  that  the  tendency  of  the  magnet 
~       is  upwards  for  a  considerable  time.     What  the  history  may  be 
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Afterwards  I  cannot  say,  but  the  tendency  of  the  magnet  is  to  Mr.  ^^^ 
strengthen  a  very  little  for  weeks  after  that  treatment.    I  would 
ask   Mr.  Joyce  if  he   has  ever  had  experience  of  a  permanent 
magnet  the  strength  of  whose  field  rises  after  he  has  performed 
his  experiment  on  it  ? 

Mr.  S.  Joyce  :  Yes ;  in  the  calibration  of  our  magnets  they 
are  worked  down,  and  are  never  sent  out  with  their  full  strength, 
and  we  often  notice  that  after  weakening  a  magnet  it  has  a 
tendency  to  rise  in  strength. 

Mr,  Gr.  HooKHAM :  It  would,  no  doubt,  if  it  was  very  much 
weakened  ;  but  if  only  weakened  5  or  10  per  cent,  would  that  be 
so  ?  I  think  Professor  Hughes  foimd  that  a  magnet  reduced  to 
zero  by  a  reverse  current  rose  in  strength  on  the  removal  of  the 
current,  and  continued  to  rise.  In  practice,  after  18  months' 
testing,  we  have  never  found  the  smallest  perceptible  variation, 
and  the  severest  mechanical  treatment  makes  no  difference  to  our 
magnets. 

Mr.  B.  W.  Smith  :  I  do  not  quite  see  how  it  depends  on  the 
strength  of  the  field. 

Mr.  G.  HooKHAM  :  The  stronger  the  field  the  slower  it  goes. 

A  hearty  vote  of  thanks  was  unanimously  accorded  to  ^Mr. 
Hookham  for  his  communication. 

A  ballot  took  place,  at  which  the  following  candidates  were 

elected : — 

Member : 

Leonard  William  Holmes. 


AasocicUes  : 


Allen  F.  Scott. 
George  Crosland  Taylor. 
James  Taylor. 
John  Williamson. 


Koland  Chambers. 

Percy  B.  Crowe. 

Capt.  W.  F.  Hawkins,  R.E. 

Frank  B.  Lea. 

Dr.  Henry  Leipmann,  F.C.S. 

Student : 
Herbert  Carpmael. 

The  meeting  then  adjourned.  Dgtzed by  ^ 
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The  Polytechnic,  Bouhkemouth, 
Slst  May,  1889. 

Deab  Sir,— As  the  information  may  be  of  some  interest  to 
members,  I  quote  the  results  of  tests  of  my  lightning  conductor 
at  Dhubri,  in  Assam.  It  is  what  I  call  my  pattern,  or  the 
"  Arborial "  Lightning  Conductor,  made  of  eight  No.  9  B.W.G. 
wires,  worked  up  into  a  cable  with  top  branches,  consisting  of 
the  wires  themselves  and  a  long  tap  root  with  rootlets  of  the 
same.  I  cannot  lay  my  hands  on  the  different  measurements 
at  the  present  moment,  but  considering  that  my  house  standi 
on  a  dry  gravel  site,  the  results  obtained  by  my  method  of 
dealing  with  the  earth,  or  roots  of  the  conductor,  leave  little 
room  for  improvement  if  minimum  of  resistance  is  to  be  accepted 
as  the  test  of  a  good  conductor;  and  the  fact  that  although 
standing  in  the  most  exposed  part  on  the  banks  of  the  river 
Brahmaputur,  and  that  the  supports  of  the  roof  consist  of  iron 
posts,  for  so  many  years,  and  amidst  the  most  violent  thunder- 
storms, the  house  has  never  been  struck,  though  built  over 
thirteen  years  ago : — 

15th  May,       1878— Resistance,  11-92    B.A.  unit«. 

27th     „  „  „  3-564 

1st  June,  „  „  2-20 

12th  „  „  „  4^78 

20th  „  „  „  .4-03 

21st  October,     „  „  5'40 

30th       „  „  „  2-35 

28th  February,  1879  „  5'49 

4th  May,  „  „  2-54 

From  May,  1878,  to  July,  1879,  all  the  other  results  were 
3',  the  above  figures  being  the  only  variations  of  note  in  the 
fov/rteen  months.  The  first  result,  11*92,  was  due  to  the  leading 
wire  from  my  house  to  the  telegraph  office  testing-room  being 
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No.  12  B.W.G.,  which  was  changed  to  No.  1  B.W.Gr.  Leaving 
out  this  exceptionally  high  resistance  explained  by  the  high 
resifitance  of  the  lead,  the  average  of  29  tests,  giving  two  per 
month  for  the  fourteen  months,  I  get  3*085— even  this  was  due 
to  the  distance — and  the  temporary  nature  of  connections,  when 
tested  at  the  house,  the  resistance  was  *35  ! 

It  would  be  interesting  to  know  from  other  members  if  they 
can  improve  on  this,  or  beat  my  record,  as  I  laid  out  over  60 
rupees  (£6)  in  completing  my  earth  trenches,  &c.,  but  I  doubt 
not,  under  all  the  surrounding  circumstances,  it  was  money  well 
laid  out.  Like  the  late  Dr.  Mann,  in  Africa,  I  feel  some  interest 
in  my  Indian  Monument  to  Science. 

It  would  also  be  of  great  interest  to  know  the  experience  of 
members  in  dealing  with  linear  versus  other  forms  of  earth  for 
both  lightning  and  telegraphic  purposes.  I  helped  the  late  Mr. 
Schwendler  in  some  very  interesting  experiments  in  connection 
with  this  important  branch  of  the  subject,  when,  by  the  use  of 
what  he  was  good  enough  to  term  "  McGregor's  exploring  wire,'* 
we  sought  and  found  spots  of  least  resistance.  Some  day  I  will 
be  glad  to  send  you  an  account  of  these  experiments. 

Meanwhile  I  hope  the  Editing  Committee  will  consider  the 
present  communication  deserving  of  a  comer  in  our  Jownial.  I 
only  regret,  and  regret  most  sincerely,  that  the  state  of  my  health 
prevented  my  taking  part  in  the  late  discussion  on  Professor 

Liodge's  most  interesting  paper. 

W.  McGregor,  Member. 
The  Secretary, 

Institntion  of  Electrical  Engineers. 


REPORT    OF   A    FATAL   ACCIDENT  FROM   LIGHTNING, 

IN  INDIA. 

By  P.  V.  Luke,  Member. 

Akeatoon  Afcab,  April  \2i\  1889. 
I  send  you  an  account  of  a  fatal  accident  from  lightning, 
which  you  may  consider  of  sufficient  interest  to  publish  in  our 
Journal.     It  is  incomplete,  in  so  far  that  I  am  unable,  from  there 
not  being  any  offices  of  the  Telegraph  Department  supplied  with' 
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testing  instruments  near  the  spot,  to  give  the  electrical  resistance 
of  the  "  earth."  It  may,  however,  be  inferred,  from  the  fact  that 
the  circuit  always  worked  well,  that  at  any  rate  the  earth  was  a 
fairly  good  one. 

The  accident  happened  at  a  place  called  Grnatong,  in  Sikkim, 
the  present  terminus  of  a  field-telegraph  line  put  up  last,  year, 
from  Daijeeling,  in  connection  with  the  Sikkim  Field  Force 
operating  against  the  Thibetans.  The  telegraphic  office  is 
probably  the  highest  in  the  world,  being  situated  at  an  altitude 
of  12,200  feet.  The  fort  of  Quatong,  in  which  is  quartered  a  wing 
of  a  British  regiment,  is  in  a  hollow,  surrounded  by  hills  at  no 
great  distance  on  all  sides.  At  the  bottom  of  the  hollow  is  a 
large  pond,  frozen  over  during  the  winter,  afFording  grand 
skating  and  sliding  for  the  soldiers. 

The  fort  is  built  on  rising  ground  just  above  the  pond,  and 
the  telegraph  office  is  in  the  fort.  The  building  is  of  wood, 
with  stone  foundations  and  stone  ends ;  a  roof  of  wooden  shingle 
with  a  zinc-covered  ridge.  Half  of  the  building  is  used  as  a 
telegraph  and  half  as  a  post  office.  The  rubble  masonry  par- 
tition between  the  two  contains  the  fireplaces  and  chimneys,  and 
on  shelves  over  the  fireplace  in  the  telegraph  office  the  batteries 
are  placed  to  keep  them  from  freezing.  The  soil  on  which  the 
building  is  erected  is  rocky,  and  the  floor  of  the  office  is  formed 
of  rammed  earth  and  stones. 


BvaTT-.  •/rrBr-77.'7aayifaT;zy.7^v^Ti<gaau  m. 


Fig.  1. 


The  above  sketch  (Fig.  1 )  shows  roughly  the  arrangement  ol 
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rooms.     On  the  instrument  table,  shown  enlarged  in  Fig.  2,  A  is 
the  lightning  discharger ;  B,  the  instrument ;  and  C,  a  call  bell. 


H 


8elt 

1 

^              Li^htiin^  Disihargejr 

Relay 

Sound< 
Key 

B              ^ 

H 


FiQ.  2. 


The  lightning  discharger  is  a  more  or  less  rough  one,  used 
only  in  field  equipments,  the  object  in  view  being  lightness.  It 
consists  of  three  brass  plates  about  1  in.  wide  mounted  on  a 
wooden  board  5  in.  x  4  in.,  thus — 


Fig.  :j. 


The  instruments  are  a  relay,  sounder,  and  key  mounted  on 
one  board,  with  the  usual  connection  for  working  direct  or  in 
translation. 

At  about  9  p.m.  on  the  25th  March,  1889,  two  military 
signallers,  named  Clarke  and  Hewett,  were  in  the  office,  and  at  the 
moment  the  accident  occurred  they  were  in  the  position  shown 
in  Fig.  2. 

Clarke  was  standing  at  D,  with  his  elbow  on  the  table,  bendinffj 
over  the  relay.     Hewett  was  sitting  at  E,  with  his  hand  on  the 
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key,  calling  up  the  stations  on  the  line  to  see  if  they  were  dear 
before  closing  for  the  night.  When  the  flash  came  it  took  a 
small  piece  out  of  the  brass  cover  of  the  relay,  at  (a),  and  struck 
Clarke,  who  was  killed  instantaneously,  falling  on  Hewett,  whose 
legs,  by  the  same  flash,  were  paralysed.  At  the  time,  the  light 
(a  hurricane  lantern)  was  extinguished.  The  only  mark  on  the 
man  killed  was  a  round  ring  on  the  left  cheek,  which  appeared 
the  next  morning,  when  the  body  was  very  much  swollen,  with 
signs  of  bleeding  from  the  nose  and  mouth.  There  was  no  sign 
of  actual  scorching  or  burning ;  and  the  medical  officer  was  of 
opinion  that  death  was  caused  by  a  shocky  and  not  by  the  man's 
being  struck  by  a  flash.  The  man  Hewett  is  slowly  recovering 
the  use  of  his  legs,  which  were  temporarily  paralysed. 

The  **  earth  "  connection  was  made  to  a  coil  of  wire  buried  in 
the  earth  just  outside  the  office.  The  same  earth  was  used  for 
the  lightning  discharger  and  for  the  instrument.  Neither  the 
lightning  discharger  nor  the  key  showed  any  distinct  signs  of  a 
discharge  having  passed.  The  only  visible  damage  done  was  the 
small  piece  of  brass  taken  out  of  the  rim  of  the  cover  of  the  relay. 

The  action  of  the  lightning  in  this  case  appears  to  be  quite 
unaccountable.  Admitting  that  the  flash  came  along  the  line 
into  the  office,  and  that  the  lightning  discharger  failed  to  act, 
why  should  Clarke  have  been  struck  in  preference  to  Hewett,  who 
had  his  hand  on  the  key  ? 

The  line  is  an  insulated  one,  supported  on  trees  and  wooden 
poles,  running  over  great  altitudes ;  and  thunderstorms  in  that 
district  are  frequent.  On  two  previous  occasions  military  sig- 
nallers working  in  the  Grnatong  office  had  received  severe  shocks 
There  seems  no  doubt  that  the  line  was  struck  and  the  lightning 
conducted  into  the  office,  and  that  the  lightning  discharger  failed 
to  act;  but  the  rest  seems  inexplicable.  The  relay  coils  vew 
not  fused,  nor  any  damage  done  beyond  the  piece  chipped  out  of 

the  relay  cover. 

P.  V.  LUKE. 

The  Secretary, 

Institution  of  Electrical  Engineers. 
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NOTES  ON  A  STATIC  ELECTRO-MOTOE. 
By  Charles  Zipernowski. 

The  well-known  fact  that  bodies  charged  with  electricity  of 
the  same  sign  repulse  each  other  was  first  employed  by  Franklin 
(in  1780)  to  produce  a  continual  rotation.  He  used  a  horizontal 
wheel,  consisting  of  horizontal  glass  strips  provided  with  copper 
balls  at  their  ends ;  the  wheel  was  pivoted,  and  could  revolve 
between  the  balls  of  two  oppositely-charged  Leyden  jars.  Its  own 
balls  could  thus  receive  a  charge  of  the  same  sign  as  that  of  the 
jars,  being,  therefore,  repulsed  by  the  latter.  After  180  degrees 
of  revolution  each  of  the  balls  discharged  before  the  oppositely- 
charged  Leyden  jar,  and,  at  the  same  time,  took  away  part  of  the 
electricity  summed  up  upon  the  latter.  A  new  repulsion,  there- 
fore, ensued,  and  so  on.  Franklin  called  this  apparatus  the 
**  electric  turn-spit." 

Later  on,  Poggendorf  showed  that  a  pivoted  disc  of  glass  or 
ebonite  begins  to  revolve  when  charged  with  quantities  of 
electricity  of  opposite  signs  by  means  of  two  op^wsitely-placed 
combs  of  points,  provided  that  it  receives  an  impulse  in  any 
direction.  Poggendorf  also  caused  an  influence  machine  of 
Holtz'  to  revolve  by  charging  its  collecting  spikes  by  another 
influence  machine. 

In  order  to  study  the  so-called  static  actions  of  high  tension 
alternating  cun-ents,  I  have,  amongst  other  things,  constructed 
a  small  rotatory  apparatus,  derived  from  Thomson's  quadrant 
electrometer,  in  the  idiostatic  fonn  invented  by  Joubert.  I  have 
succeeded  in  making  this  apparatus  revolve  speedily  with  a  high 
tension  alternating  current  as  well  as  with  a  high  tension  con- 
tinuous current.  In  the  former  case,  the  speed  was  so  high  that 
the  number  of  revolutions  could  no  longer  be  counted  by  the 
eye.  In  the  latter  case,  I  took  the  charge  from  a  belt  between 
the  working  motor,  a  high  speed  engine,  and  the  testing  room  of 
the  electrical  department  of  Messrs.  Ganz  &  Co.  of  Budapest. 
Of  course,  the  speed  was  still  a  higher  one  than  with  2,000  voltsole 
of  alternating  current. 
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The  figure  is  a  sketch  of  the  connections  in  the  two  above- 
named  cases. 


The  movable  part  of  the  apparatus  consists  of  two  coujjles  of 
aluminium  sectors,  shown  as  quadrants  A  A\B  B\  for  the  reason 
of  simplicity.  The  fixed  part  consists  of  four  double  sectors  of 
brass  embracing  the  movable  ones.  They  are  likewise  repre- 
sented as  quadrants  G  C\  D  D\  The  movable  part  is,  besides, 
provided  with  a  commutator  of  four  parts,  from  which  the  two 
couples  of  sectors  A  A\  B  B\  are  charged,  by  means  of  points  SS, 
with  electricity  of  the  same  sign  as  that  of  the  opposing  fixed 
couples  of  sectors.      Connecting  the  terminals  K  K'  to  those 
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S  S'  of  the  transformer  T,  the  low  tension  of  the  alternate-current 
dynamo  M  will  be  transformed  into  high  tension,  and  the  appa- 
ratus will  start,  provided  that  the  movable  sectors  are  not  exactly 
opposite  to  the  fixed  ones.  If  you  connect  one  of  the  terminals 
to  the  collecting  spikes,  and  the  other  to  earth,  the  result  will  be 
the  same. 

It  is  worth  remarking  that,  with  the  second  arrangement,  an 
instantaneous  charge  of  the  sectors  will  suffice,  as  the  fixed  sectors 
do  not  change  the  sign  of  their  charge ;  in  the  first  case,  however, 
a  continuous  charge  is  required,  as  the  electricity  must  change 
sign  simultaneously  in  the  fixed  and  the  movable  parts. 

It  is  not  impossible  that  this  apparatus,  in  some  form,  may  be 
adapted  for  practical  purposes,  such  as  a  volt-compteur  for  series 
working  arc  lamps ;  as  recording  apparatus  for  earth-circuits,  or 
for  the  variations  of  the  primary  tension  in  central  stations ;  as 
motor  for  very  high  tensions,  &c. 

BuDAFEST,  June  24,  1889. 


Digitized  by  VjOOQ IC 


704 


THE   LIBRARY. 


ACCESSIONS  TO  THE  LIBRARY  FROM  APRIL  1  TO 
JUNE  30,    1!5«9. 

(Worki  marked  thug  (<*)  have  been pwrchased.  Of  those  Twt  purchased  orrec6wei» 
eaehange,  where  the  donors*  names  are  not  given,  the  works  have  been  yreseaftd 
by  the  amthors.) 

IT  IS   PAETICULARLY  DESISABLB  THAT   MEMBERS    SHOULD    PRESENT    COPIES    OF    THUl 
WORKS  TO  THE  LIBRARY   AS  SOON  AS  POSSIBLE  AFTER  PUBLICATION. 

Bennett  [A.  R.]  Electric  Traction.  Sm.  4to.  13  pp.  [Efist  of  ScotUid 
Engineering  Association.    Session  IV.    Tenth  Meeting.]  ICduiburyh,  1889 

Berly  [J.  A.]  Universal  Electrical  Directory  and  Advertiser,  1889.  The 
Electrician's  "  Vade  Mecum,"  containing  a  complete  Record  of  all  the 
Industries  directly  or  indirectly  connected  with  Electricity  and  Magnetisn, 
and  the  Names  and  Addresses  of  Manufacturers  in  Great  Biitaia, 
America,  the  Continent,  &c.    8vo.    437  pp.  London,  1889 

[Presented  by  Messra.  W.  Dawson  &  Sons  (Publishers).] 

Blakesley  [T.  H.]    Papers  on  Alternating  Currents  of  Electricity,  for  the  Uk 

of  Students  and  Engineers.    2nd  Edition.    8vo.    129  pp.      London,  1889 

[Presented  by  Messrs.  Whittakcr  &  Co.  (Publishers;.; 

Board  of  Trade.     [Vide  Marindin,  Major  F.  A.] 

Cnndell  [Major  J.  p.]    A  Dictionary  of  Explosives.    8vo.    108  pp. 

CkatAam^  1889 
[Presented  by  Major  Francis  J.  Day,  RE.] 

*  Douglass  L*'^-  ^O     ^  Manual  of   Telegraph  Construction:  the  MechAni&l 
Elements  of  Electric  Telegraph  Engineering.    2nd  Edition.    8vo.   468  pp- 

London^  1677 

Institution  of  Civil  Engineers.  Minutes  of  Proceedings.  Vols.  XCV., 
XCVI.    Svo.    532  pp.  and  480  pp.  London,  1889 

Institution  of  Mechanical   Engineers.     Proceedings,   18^9.     No.  i. 

January.     8vo.     201  pp.  London,  1889 

[Exchange.] 

Italian  Telegraphs.    Relazione  Statistica  sui  Telegrafi  del  Regno  dltalia 

uell  anno  Finanziario  1887-88,     Fo.     149  pp.  I^ma,  1888 

[Presented  by  the  Minister  of  Posts  and  Telegraphs,  Borne.] 

James  [Charles  Streatfield].  The  "Morse"  Signaller's  Companion.  Fa 
41  pp.  Calcutta,  1888 

Marindin  [Major  r.  A.]  Report  to  the  Board  of  Trade  with  reference  to 
Inquiry  held  under  the  Electric  Lighting  Acts,  1882  and  1888,  for  ceiuii 
Provisional  Orders  and  Licenses,  dated  May  9,  1889.    Fo.    28  pp. 

Lmdon,  1889 
[Presented  by  Major  P.  Cardew,  R.E.J 

Rust  [Arthur].  Electricity:  theoretieallv  and  practically  considered,  by  ibf 
Rid  of  Thermo-Electricity.    .^vo.    32*  pp.  '  London^l^^ 
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vol.  108,  p.  9S7,  1889. 
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El.  ZeiU,  vol  10,  p.  294,  1889. 
W.  KoHLRAUSCH  fCnd  C.  Heim  —  Experiments  on  Accumulators.  —  EL   Zeit., 

vol.  10,  p.  303,  1889. 
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A.  WiTZ— Pole-Reversals  in  Series  Dynamos.— -C.  /?.,  vol.  108,  p.  1248, 1889. 
W.  C,  Hechkibwbki— Alternate-Current  Motors.— /vmw.  jE^/.,  vol  82,  p.  801, 1889. 
C#  Reignibr — Secondary  Induction  Phenomena  in  Dynamos. — Tauiu  7:7.,  vol.  32, 

pp.  401,  464,  1889. 
G.  Richard — Details  of  Dynamo  Construction. — Lmw,  J?/.,  vol,  32,  p.  521, 18H9. 
E.  Metlan — ^Rechniewski's  Dynamo. — Bull.  Soe,  Int.,  vol.  6,  p.  246,  li^f^9. 


in.— SXJBCTBO-CKfiMZST&T  AHD  ELECTBO-METALLUBOT. 

H.  Pellat — Limit  between   Polarisation  and  Electrolysis.  —  C.  R.,  vol,  108, 

p.  1238,  1889. 
^,  MiNST — Introduction  to  the  Study  of  Electro-Chemistry.--7i«wi.  £7,,  vol.  32, 

pp.  322,  427,  479,  530,  573,  1889. 
P.  H.  Ledebobr— Electro-Metallurgy  of  Copper.— Xww.  EL,  vol.  82,  p.  551,  1889. 
C  E.  GuiLLAUME — Electrolysis  produced  by  Minimum  Electro-motive  Force,— 

Lum.  El^  vol.  82,  p.  558,  1889. 
pr.  T.  Erhard— Electro-Metallurgy  of  Aluminium.—^/.  Zeit.^  vol.  10,  pp.  23C, 

262,  1889. 
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C.  Cabbe— Comparison  of  different  Methods  of  Illnmination.^Xum.  £/„  vol.  82, 

p.  286, 1889. 
\V.  DE  FoNviELLB-— Electric  Light  for  Balloon  Signals.^  Zi/m.  Ely  vol.  32, 
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E.  DiEUDOHNE-- Electric  Light  at  the  Paris  Esbibition<— •j£n^^  k^P^gbS. 
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W.  DE  FoNViELLE— The  Projector  on  the   Eiffel  Tower.  —  Lum,  ELy  v<»l.  ;J2, 

p.  391,  1889. 
A.  Vbrnes  —  PUectric  Lighting  of  the  Talnis  Royal.  —  BulL  Sue  /ii/.,  vol.  G, 

p.  264,  1889. 
O.  VON  MiLLEK— Berlin  Central  Stations.—^/.  Zeit.y  vol.  10,  p.  253,  1889. 
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G.  RiCHABD— Electric  Railways.— Xtfw.  -E/.,  vol.  32,  p.  207,  1889. 
E.  DiEUDONNK— Electric  Lift  at  the  Paris  Exhibition.— /[^/wi.  £/.,  vol.  32,  p.  516, 
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meter  Observations.— C.  72.,  vol.  108,  p.  1001,  1889. 
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'E,  Zetbche— New  Multiple  Switch-Boards  for  Exchanges. — Lum,  EL,  vol.  32,  p. 

468,  1889. 
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Vol.  XYIII.  1889.  No.  82. 

The  One  Hundred  and  Ninety-seventh  Ordinary  Q-eneral  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25,  Great  George  Street,  Westminster,  on 
Thursday  evening,  November  14th,  1889 — ^Dr.  J.  HoPKiNSON, 
r.R.S.,  Vice-President,  in  the  Chair. 

The  minutes  of  the  previous  Ordinary  General  Meeting,  held 
on  May  30th,  1889,  were  read  and  confirmed. 

The  names  of  candidates  for  admission  into  the  Institution 
were  read  and  ordered  to  be  suspended. 

The  following  transfers  were  announced    as    having    been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members— 
Seginald  John  Jones. 

From  the  class  of  Students  to  that  of  Associates — 
Harris  Henry  Eley. 

Donations  to  the  Library  were  annoimced  as  having  been 
received  since  the  last  meeting  from  the  Institution  of  Civil 
Engineers;  La  Soci^te  Fran9aise  de  Physique;  the  Astronomer 
JSoyal ;  Dr.  Friedrich  Goppelsroeder ;  Messrs.  Buck  &  Hickmar§l^ 
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Messrs.  Saxby  &  Farmer;  Walter  B.  Skinner,  Esq.;  Monsieur 
Georges  Carr6,  Publisher ;  Messrs.  Dawson  &  Sons,  Publisher ; 
The  Electrician  Publishing  Co.;  Messrs.  Griffin  &  Co.,  Pub- 
lishers ;  Messrs.  Wbittaker  &  Co.,  Publishers ;  Professor  Dr.  K. 
Ed.  Zetzsche,  Foreign  Member;  John  Aylmer,  Member;  Dr. 
J.  A.  Fleming,  Member ;  W.  J.  Hancock,  Member ;  H.  G-raham 
Harris,  Member;  S.  H.  C.  Hutchinson,  Member;  Professor  A. 
Jamieson,  Member ;  Dr.  C.  Lemon,  Member ;  Professor  Oliver  J. 
Lodge,  Member ;  and  W.  P.  May  cock,  Associate ;  to  whom  the 
thanks  of  the  meeting  were  heartily  accorded. 

The  following  paper  was  read  by  the  Secretary : — 


THE  LIGHTING  OF  THE  CENTENNIAL  INTERNATIONAL 
EXHIBITION,  MELBOURNE,  1888  AND  1889. 

By  K.  L.  MuRKAY,  C.E.,  Telegraph  Engineer  to  the  Victorian 
Railways,  Member. 

In  November,  1887,  the  Executive  Commissioners  of  the 
Centennial  International  Exhibition,  which  it  had  been  decided 
to  hold  in  Melbourne  in  the  following  year,  consulted  me  as  to 
the  practicability,  electrically  and  commercially,  of  using  elec- 
tricity as  a  means  of  lighting  the  Exhibition ;  and  I  felt  that  I 
could  assure  them  that  the  electric  light  was  the  only  one  which 
could  be  depended  on  to  efficiently  illuminate  the  buildings  and 
exhibits,  and  that  its  cost  would  not  render  its  use  prohibitive. 

I  recommended  dividing  the  buildings  into  three  sections, 
and  calling  for  separate  tenders  for  supplying  and  maintaining 
the  dynamo  machines  and  lamps  necessary  to  light  each  part; 
tenderers  being  requested  also  to  submit  an  alternative  o£Eer  for 
the  whole  lighting  required.  My  desire  was  to  have  each  section 
lighted  by  a  dififerent  system,  if  possible. 

Finally,  I  was  entrusted  with  the  duty  of  drawing  up  a 
specification,  and  tenders  were  invited. 

Those  received  all  named  such  a  high  price  for  the  work  that 
I  could  not  recommend  the    acceptance  of   any;    but  being  ■ 
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requested  by  the  Exhibition  ^Commissioners  to  arrange  with 
one  or  more  of  the  firms  which  tendered,  I  was  able  eventually 
to  do  so,  and  a  contract  was  entered  into  with  the  Australasian 
Ellectric  I4ght,  Power,  and  Storage  Company  for  the  lighting  of 
tbe  greater  portion  of  the  Exhibition  buildings ;  and  an  agreement 
was  made  with  Messrs.  G-anz  &  Co.  to  supply  a  transformer  plcmt 
and  light  the  Armament  Court,  the  official  reception  and  dining 
rooms,  and  offices. 

The  Australasian  Company's  contract  was  to  supply,  fit  up, 
and  maintain  825  Brush  arc  lamps,  37  Brush  arc  dynamos,  7 
Brush  Victoria  dynamos,  compound  wound,  and  2,000  incan- 
descent lamps,  with  all  requisite  switches  and  fittings.  The 
whole  of  the  machinery  and  other  apparatus'  was  to  be  of  the 
latest  pattern  and  best  workmanship. 

^  usual  in  such  cases,  the  buildings  were  ultimately  extended 
considerably  beyond  the  limits  originally  laid  down.  The  lighting 
plant  had,  of  course,  to  be  increased  proportionately,  so  that  the 
apparatus  actually  supplied  by  the  Australasian  Company  con- 
sisted of,  as  under : — 

40  Brush  arc  dynamos,  known  as  No.  7{,  each  capable  of 
giving  a  current  of  10  amperes  to  from  23  to  25  arc 
lamps  in  series. 
1  Brush  arc  dynamo,  known  as  No.  82,  professedly  capable 

of  giving  current  to  55  arc  lamps  in  series. 
1   Brush  arc  dynamo  with  cast-iron  armature,  known  as 
No.   6,  supplying  current  of   20  amperes  for  5  arc 
lamps. 
7  Brush  Victoria  dynamos  for  incandescence  lighting,  com- 
pound wound  for  110  volts  at  terminals. 
937  sixteen-hour  round-type  Brush  arc  lamps,  with  alabastrine 
globes ;  5  Brockie-Pell  20-ampere  arc  lamps  for  lighting 
the  dome ;  2  Castle  arc  lamps. 
1,900  Swan  lamps  of  16  candle-power  at  100  volts ;  27  "  sun- 
^  beam  ^  lamps,  of  sizes  ranging  from  200  to  600  candle- 
power  each  at  100  volts. 
I  All  necessary  switches,  fuses,  and  leads,  the  totol  length  P&Ie 

i  the  latter  being  over  60  miles. 
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The  71  Brash  arc  dynamos  were  of  two  patterns.  1st,  that 
in  which  the  bed-plate  cuid  field-magnet  yokes  are  cast  in  oae 
piece ;  the  field-magnet  cores,  with  pole-pieces,  being,  as  nsoal  in 
this  form  of  machine,  of  cast  iron,  feistened  to  the  yokes  with 
bolts.  The  commutator  brashes  and  terminals  are  moonted  <m 
a  slab  of  slate,  which  is  fitted  into  a  recess  left  for  it  in  the 
bed-plate  casting.  The  other  pattern  of  arc  machine  has  what 
may  be  termed  a  composite  bed-plate,  or  no  bed-plate  at  alL 
In  these  machines  the  two  field-magnet  yokes  are  cast  in  separate 
pieces,  the  cores,  with  pole-pieces,  being,  as  in  the  former 
pattern  of  machine,  bolted  to  the  yokes.  The  two  horse-shoe 
magnets  thus  formed  are  connected  by  two  pieces  of  railway 
iron,  which  constitute  whatever  of  bed-plate  the  machines  have. 
The  commutator  brushes  and  terminals  are  mounted  on  a  slab 
of  wood  fitted  between  the  longitudinal  pieces  of  railway  iroiL 
The  first  class  of  machine  will  hereinafter  be  called  '^solid- 
"  frame,"  the  latter  "  rail-pattern  "  machines. 

The  majority  of  the  solid-frame  machines  had  previously  been 
used  at  the  Adelaide  Exhibition,  but  were  fitted  with  new  lami- 
nated armatures  for  us6  in  Melbourne.  The  balance  were  sent 
out  direct  from  England.  The  framework  of  the  Si  dynamo 
was  imported,  but  the  laminated  armature  was  made  and  all  coils 
were  wound  in  the  Australasian  Electric  Company's  workshops, 
Melbourne.  This  dyncuno  was  of  the  solid-frame  type.  The 
No.  6  dynamo  was  also  of  the  solid-frame  type,  but  had  a  cast- 
iron  armature.  Its  coHs  were  arranged  for  a  current  of  20 
amperes. 

Two  types  of  laminated  armature  were  supplied  with  the 
No.  71  dynamos — one  having  plates  -05  of  an  inch  in  thickness, 
the  plates  of  the  other  being  only  -022  of  an  inch  thick*  Hhe 
former  I  will  call  thick,  and  the  latter  thin  plate  armatures. 

The  dynamos  for  iacandescence  lighting,  seven  in  number,  were 
of  the  Brush  Victoria  pattern  known  as  No.  E2.  The  nominal 
output  is  stated  to  be  366  64-watt  lamps  at  an  average  arma- 
ture speed  of  720  revolutions  per  minute.  The  machines  were  d 
the  newest  type,  and  had  very  massive  magnetic  circuits  through- 
out.   The  armatures  are  wound  with  only  three  layers  of  rect- 
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angular  wire,  each  section  consisting  of  three  convolutions.  •  The 
laminated  iron  core  in  the  V  spaces  between  the  windings  is  not 
covered  with  insulation,  so  that  in  these  parts  it  is  directly 
exposed  to  the  cooling  influence  of  the  air. 

The  arc  lamps  were  of  the  well-known  Brush  16-hour  round 
type,  wound  with  the  low-resistance  shunt  recently  adopted  by 
the  makers.    Alabastrine  globes  were  used. 

In  the  main  annexes  the  arc  lamps  were  arranged  in  a  double 
row  down  each  bay,  one  lamp  being  allowed  for  about  every 
1^00  square  feet  of  floor  space.  The  bays  were  about  50  feet 
wide,  and  the  distance  between  the  two  rows  of  lamps  was  about 
25  feet,  the  height  of  the  globe  from  the  floor  beiag  about 
22  feet. 

Incandescent  lamps  of  16  candle-power  at  100  volts,  to 
.  the  number  of  about  1,900,  were  used  for  illuminating  the  picture 
galleries,  beneath  the  galleries,  in  the  aquarium,  and  in  the 
cellars.  The  concert  hall  was  lighted  by  25  "  sunbeam  "  lamps  of 
from  200  to  600  nominal  candle-power.  The  incandescent  lamps 
in  the  picture  galleries  were  set  in  a  single  row,  9  inches  apart, 
on  reflecting  frames,  the  reflecting  surfaces  of  which  were  painted 
a  dead  white.    These  frames  were  about  18 

inches  wide,  made  of  <r^^^[^^' "^H^   sheet  metal,   with   a 

cross  section  as  shown.  ^\y^  Below  the  lamp  an- 

other    reflector    was  rtf)LAMP         placed,    the    primary 

object  of  which  was  to  ^ ;^  shade    the  eye  from 

the  direct  glare  of  the  lamps  and  keep  the 

floor  comparatively  dark.  With  the  above  arrangement  of  re- 
flecting frames  the  walls  were  the  only  portions  of  the  galleries 
illuminated  by  the  direct  light  from  the  lamps,  and  the  total 
absence  of  glare  allowed  of  a  very  pleasant  rest  for  the  eyes. 

The  switch-board  for  the  arc  circuits  consisted  of  two  parallel 
rails  of  wood  on  which  ordinary  double  brass  binding  screw 
termmals  were  fixed.  The  screws  on  the  lower  rail  were  con- 
nected to  the  dynamo  terminals,  while  those  on  the  upper  rail 
formed  the  terminals  of  the  various  lamp  circuits.  The  positive 
terminals  of  all  machines  and  circuits  were  at  one  end  of  their 
respective  rails,  and  the  negative  terminals  at  the  other.    Tt^l^ 
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connection  between  the  dynamo  and  circuit  terminals  was  effected 
by  means  of  short  lengths  of  well-insulated  cable. 

The  incandescence  switch-board  was  mounted  on  a  well-finished 
cedar  stand.  It  consisted  of  two  large  slabs  of  black  enamelled 
date,  on  which  the  nickelled  switches  and  terminals  were  fastened. 
Between  the  two  slabs  of  slate  a  suitable  recess  was  formed  in  the 
woodwork  for  the  reception  of  a  Cardew  voltmeter  (G-oolden  & 
Trotter's  make).  In  the  centre  of  a  cedar  panel  below  the  volt- 
meter a  small  switch  was  placed,  by  which  any  one  of  the  machines 
could  be  connected  to*  the  voltmeter  by  turning  a  handle.  Suit- 
able terminals  were  provided  for  the  introduction  of  safety  fuses, 
and  also  for  enabling  the  machines  to  be  coupled  in  parallel. 
When  so  coupled  any  one  or  more  machines  or  circuits  could  be 
switched  on  or  off  without  affecting  the  rest. 

The  arc  circuits  mainly  consisted  of  7/1 6s  stranded  cable 
nigrite  and  tape  insulated,  all  other  being  of  the  same  size  of 
cable,  but  insulated  with  rubber  and  braided. 

The  leads  were  so  arranged  that  between  every  two  lamps 
getting  current  from  the  same  dynamo,  there  were  at  least  two 
lamps  getting  their  current  from  some  other  dynamos ;  my  object 
being  to  make  certain  that  the  building  should  be  fEurly  well 
lighted,  even  if  several  dynamos  broke  down  at  the  samie  time. 
All  leads  and  returns  ran  in  one  direction  from  the  dynamo  room 
to  the  main  buildings.  But  on  entering  these  buildings  the  leads 
and  returns  were  taken  in  totally  different  directions  to  the  ter- 
minal lamps  of  their  respective  circuits.  By  this  means,  and 
careful  attention  to  the  arrangement  of  the  circuits,  the  leads  and 
returns  never  approached  each  other,  except  in  the  dynamo  room. 
Consequently,  short-circuiting  in  the  buildings  was  almost  im- 
possible. The  lamp  circuits  were  run  on  the  woodwork  which 
carried  the  roof.  The  lamps  were  suspended  by  cords  so  that 
they  could  be  lowered  for  carboning  or  other  purpose.  The  wires 
from  the  lamp  terminals  were  taken  up  the  suspending  cord  and 
lashed  to  it  at  a  point  a  few  inches  from  the  pulley  when  the 
lamp  was  at  its  proper  height.  They  were  then  taken  to  the 
woodwork  and  fastened  to  it  at  such  a  height  that  the  length  of 
wire  forming  the  cord,  together  with  that  from  the  point  of 


1889.]  EXHIBITION,  MELBOURNE,  1888  ato  1889.  716- 

lashing  to  the  suspending  rope,  was  at  least  equal  to  the  height 
above  the  floor  at  which  the  wires  were  fastened.  This  method 
permitted  the  lamps  to  be  lowered  to  the  floor,  and  at  the  same 
time  left  no  cable  hanging  in  festoons  about  the  building  when 
the  lamps  were  in  their  lighting  position.  From  the  terminal 
lamp  of  each  circuit  the  wires  were  taken  down  the  wooden 
pillars  which  supported  the  roof,  through  the  floor,  and  (bracketed 
to  the  flooring  joists)  to  the  dynamo  room. 

The  incandescence  circuits  were  arranged  for  a  loss  of  potential 
of  10  volts.  The  installation  was  looked  upon  as  being  of  a 
temporary  character,  consequently  the  electrical  loss  was  con- 
sidered to  be  of  less  moment  than  incurring  a  larger  first  outlay 
for  heavier  leads.  Even  with  the  above-named  loss  the  leads  for 
a  portion  of  the  distance  consisted  of  two  cables,  each  containing 
37/14s ;  and  for  the  remainder  of  the  distance  to  the  point  of 
distribution  one  cable  of  the  same  size  was  used.  The  distribu- 
tion was  effected  by  means  of  7/16s  cable,  and  finally  by  single 
wire.    All  cables  were  insulated  to  150  megohms  per  mile. 

The  steam  was  generated  in  12  multitubular  boilers,  the 
pressure  being  maintained  at  120  lbs.  per  square  inch. 

Three  pairs  of  high-pressure  engines  were  used,  having 
cylinders  20  inches  in  diameter,  with  a  40-inch  stroke.  Normal 
speed,  80  revolutions  per  minute ;  and  the  total  indicated  horse- 
power with  full  working  load  was  about  1,580.  These  engines 
were  made  in  Melbourne,  and  were  similar  to  those  used  for 
working  the  cable  street  tramways.  I  may  say  here  that,  recog- 
nising the  very  great  importance  of  having  the  very  best  driving 
machinery,  I  urged  the  Exhibition  Commissioners  to  send  to 
England  for  engines  specially  constructed  for  electric  light  work. 
It  was  found,  however,  that  time  would  not  permit  of  this,  and 
an  order  was  given  to  a  firm  of  local  manufacturers  who  had 
engines  partly  made,  and  could  guarantee,  therefore,  to  have  them 
ready  in  time. 

The  countershaft  was  in  one  continuous  line,  and  measured 
202  feet  6  inches  over  all.    It  was  driven  by  ropes  from  the 
engine  fly-wheels,  in  the  face  of  each  of  which  13  grooves  were  , 
formed  for  the  reception  of  the  ropes.    The  shaft  was  in  threes 
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equal  sections,  one  for  each  pair  of  engines.  These  sections, 
were  connected  by  movable  clutches,  so  that  they  could  nm 
either  separately  or  together  as  required.  To  reduce  to  the 
lowest  degree  possible  the  inconvenience  which  would  result  if  a 
pair  of  engines  broke  down,  the  dynamos  driven  by  each  section 
supplied  current  to  lamps  distributed  over  the  whole  buildings; 
so  that  if  one-third  of  the  light  was  taken  off,  no  part  of  the 
Exhibition  would  be  left  in  darkness. 

The  main  body  of  the  shaft  was  6^  inches  in  diameter,  bat 
the  size  was  increased  to  7^  inches  where  the  three  rope  drams 
were  fitted.  The  normal  speed  of  the  countershaft  was  190  ie?o- 
lutions  per  minute. 

The  dynamos  were  arranged  in  a  double  row  on  each  side 
of  the  countershaft ;  the  distances  between  the  centre  of  the 
countershaft  and  spindles  of  dynamos  being  28  feet  and  33  feet 
respectively. 

At  one  end  of  the  countershaft  an  automatic  speed-recorder 
was  placed.  This  recorder  was  essentially  a  chronograph,  and 
consisted  of  a  drum  on  which  a  sheet  of  paper  could  be  fastened; 
the  drum  was  driven  by  a  tangent  screw  working  in  a  worn 
wheel,  which  latter  could  be  made  fast  to  or  released  firom  the 
drum  spindle  by  means  of  a  friction  clutch.  The  tangent  sciev 
was  connected  by  a  flexible  coupling  to  the  end  of  the  counter- 
shaft. A  small  table  was  arranged  having  a  motion  panJIel  to 
the  drum  axis.  On  the  table  an  electro-magnet  was  fixed,  the 
movable  armature  of  which  carried  a  small  glass  pen.  The  electro- 
magnet was  put  in  circuit  with  a  battery  and  clock  having  a 
minute  contact.  As  the  drum  was  mechanically  driven  (without 
slip)  from  the  countershaft,  its  circumferential  velocity  was  pjth 
portional  to  the  speed  of  the  shaft ;  and  as  the  clock  marked  equal 
intervals  of  time  on  the  paper,  the  distances  between  these  marb 
gave  the  number  of  revolutions  of  the  countershaft  when  measured 
on  a  suitable  scale.  The  dimensions  were  adjusted  so  that  the 
drum  made  one  complete  revolution  in  five  minutes  when  the 
countershaft  was  running  at  the  normal  speed.  Hence,  if  the 
speed  was  normal,  and  without  variation,  the  marks  made  by  the 
dock  would  be  in  a  straight  line  across  the  paper.    If  the  speed 


1889]  EXHIBITION,  MELBOURNE,  1888  akd  1889.  717 

did  not  vary,  but  was  either  greater  or  less  than  the  normal,  the 
clock  marks  would  still  be  in  straight  lines,  though  making 
different  angles  with  the  edge  of  the  sheet  of  paper.  An  irregular 
speed  would  show  an  irregular  line.    (Plate  I.,  Figs.  4  and  5.) 

Geared  from  the  same  spindle  that  drove  the  reading  drum, 
and  mounted  on  the  same  base,  was  a  small  centrifugal  governor.. 
The  opening  or  closing  of  the  balls  brought  a  small  contact  lever 
against  either  one  or  the  other  of  two  contact  stops.  Two  incan- 
descent lamps,  one  plain,  the  other  coloured  red,  were  hung  over 
the  engines,  the  position  of  the  contact  lever  determining  which, 
if  either,  of  the  lamps  should  be  alight.  At  the  normal  speed 
neither  would  show  light,  but  a  variation  of  about  half  per  cent, 
on  either  side  would  place  one  or  other  of  the  lamps  in  circuit. 
The  majority  of  the  diagrams  taken  by  the  recorder  showed  a 
gradual  increase  in  the  speed  of  the  countershaft  as  the  evening 
advanced.    This  fact  will  be  referred  to  later  on. 

Generally  speaking,  the  lighting  throughout  the  term  of  the 
Exhibition  was  satisfactory.  On  three  or  four  occasions  only  did 
anything  occur  which  would  lead  the  public  to  suspect  that 
matters  were  not  exactly  as  they  should  be.  This  comparative 
freedom  from  inconvenience  through  irregularities  in  the  lighting 
was  the  result  of  the  arrangement  of  the  circuits  rather  than  the 
constancy  of  supply  to  any  one  circuit. 

The  boilers,  which  were  designed  by  a  Victorian  railway 
engineer,  and  built  in  Melbourne,  behaved  admirably,  though 
working  considerably  beyond  their  proper  capacity.  The  steam 
pressure  was  kept  extremely  regular,  the  maximum  variation 
seldom  exceeding  two  pounds  per  square  inch  for  the  whole 
evening's  run.  The  fuel  was  coke,  with  a  little  coal  added  at 
times  when  difficulty  was  experienced  in  maintaining  the  full 
working  pressure  required. 

Notwithstanding  the  very  regular  steam  pressure  the  speed 
of  the  engines  varied  considerably,  even  though  they  were  fitted 
with  mechanism  outwardly  resembling  Hartnel's  automatic  ex- 
pansion gear.  With  the  full  load  on  the  countershaft,  and  the 
engines  indicating  about  1,500  horse-power,  a  single  dynamo 
thrown  off  or  on  produced  a  very  sensible  alteration  in  the  spe^. 
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of  the  rest  of  the  machinery — sufficient,  indeed,  to  necessitate  the 
adjustment  of  the  rheostat  controlling  the  potential  difference  at 
the  incandescence  mains,  and  to  show  itself  at  the  speed-indi- 
cating lamps. 

One  evening  some  trials  were  made  to  ascertain  the  effect  of 
an  alteration  in  the  steam  pressure  on  the  speed  of  the  engines. 
For  this  purpose  the  pressure  was  altered  one  or  two  pounds 
every  half-hour;  cmd  it  was  found  that  a  variation  in  pressure  of 
one  pound  per  square  inch  produced  an  alteration  in  the  speed  of 
the  engines  of  about  a  revolution  per  minute,  all  other  conditions 
remaining  the  same.  The  cause  of  trouble  was  clearly  enough  in 
the  governor,  and  I  experienced  a  great  deal  of  anxiety  and 
annoyance  from  a  fault  which  should  not  have  existed.  The  hd 
is,  the  makers  of  the  engines  could  not  be  made  to  understand 
the  immense  importance  in  electric  lighting  of  absolute  steadiness 
in  the  running  of  the  engines,  or  that  there  was  any  difference  in 
the  driving  of  dynamo  machines  and  street  tramways. 

The  Brush  Victoria  dynamos  ran  very  well  through  the  whole 
six  months  the  Exhibition  was  open.  In  the  main  they  kept 
cool,  though  occasionally  the  thrust  bearings  showed  an  inclina- 
tion to  heat.  The  commutators  ran  with  very  little  sparking 
when  the  brushes  were  properly  adjusted. 

Unfortunately,  the  ^bove  satisfactory  remarks  cannot  be 
repeated  with  reference  to  the  arc  dynamos.  In  the  first  place, 
the  insulation  in  many  of  them  was  defective  or  insufficient. 
Consequently,  "electrical  fireworks"  formed  a  not  unimportant 
part  of  the  evening^s  proceedings,  till  such  time  as  the  faulty 
armatures  and  field  coils  had  either  been  rewound  or  weeded  out 
In  many  cases,  the  machines  ran  for  several  weeks  without  giving 
any  indications  of  weakness,  when  suddenly  a  breakdown  in  the 
insulation  would  take  place.  Another  fault,  more  serious  (if 
possible)  than  the  last,  existed  in  some  of  the  armatures,  namely, 
those  which  have  been  designated  "  thin-plate  armatures.*'  All 
the  laminated  armatures  supplied,  both  thick  and  thin  plate,  were 
built  up  of  the  so-called  H  pieces,  bound  in  with  a  strip  of  sheet 
iron,  equal  in  width  to  the  intended  thickness  of  the  bobbin  core. 
There  was  no  indication   of  the  H  pieces  having  been  passed 
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between  rollers,  or  anything  done  to  give  them  the  same  curvature 
as  the  armature*  The  horns  of  the  H  pieces  were  practically  flat, 
hence  their  resistance  to  bending  was  simply  that  due  to  the 
thickness  of  the  metal,  which  is  insufficient  in  the  case  of  the  thin- 
plate  armatures.  A  few  weeks  after  the  opening  of  the  Exhibition 
several  of  the  thin-plate  armatures  threw  out  plates.  Two  of 
these  plates  struck  a  door-post,  and  gave  unmistakable  evidence 
of  the  velocity  with  which  they  were  thrown.  On  subsequent 
occasions  the  plates  were  not  so  neatly  thrown  out,  but  were  caught 
by  the  field  magnets,  and  cut  the  insulation  of  the  armature  coil's. 
By  the  time  the  Exhibition  closed  a  goodly  number  of  plates  had 
been  thrown  out.  To^  prevent  accidents  perforated  zinc  screens 
were  placed  over  the  armatures. 

The  cause  of  these  plates  breaking  off  was  evidently  the  con- 
tinual bending  to  which  they  were  subjected  in  passing  through 
the  different  parts  of  the  magnetic  field  in  which  they  rotated* 
The  force  due  to  the  rotation  of  the  armature  tends  to  bend  the 
plates  outwards,  while  that  due  to  the  attraction  of  the  pole-pieces 
has  the  opposite  tendency  (at  least  with  reference  to  the  outer 
plates).  Clearly,  then,  though  the  force  due  to  rotation  is  constant, 
as  the  plates  pass  through  a  magnetic  field  which  is  not  xmiform 
in  intensity  or  direction  with  reference  to  any  given  armature 
radius,  the  force  tending  to  bend  the  plates  inwards  must  vary  in 
different  parts  of  the  field,  and  a  constant  bending  of  the  plates 
must  result.  This  mechanical  fault  was  a  very  serious  one,  and 
might  have  caused  damage  to  life  and  limb. 

Before  describing  the  methods  used  and  tests  made  with  the 
dynamo  machines,  it  may  not  be  out  of  place  to  give  a  few  of  the 
reasons  which  led  to  the  selection  of  the  method  adopted. 

In  order  that  the  tests  should  be  equally  satisfactory  to  all 
concerned,  it  was  essential  that  the  machines  should  be  tested 
mider  the  actual  working  conditions,  or  while  they  were  at  work 
on  their  respective  circuits.  It  was  no<*  thought  to  be  important 
that  all  measurements  taken  should  be  of  the  highest  degree  of 
accuracy.  As  practical  engineers  know,  the  conditions  of  running 
do  not  remain  constant  (especially  in  arc  machines)  for  many 
consecutive  moments,  and  the  fluctuations  which  take  place  affect 
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all  data,  and  the  resulting  efficiency  from  instant  to  instant 
Hence  the  desire  was  to  make  tests  which  would  be  of  piBctkd 
rather  than  theoretical  value. 

The  many  more  recently  suggested  methods  of  testinf 
dynamos  in  which  all  the  measurements  taken  are  electrical,  such 
as  Cardew's  and  Swinburne's,  or  in  which  the  mechanical  is  the 
smaller  part,  such  as  Dr.  Hopkinson's,  were  carefully  considered 
with  reference  to  the  special  form  of  machine  to  be  tested.  (H 
these  methods,  that  of  Captain  Cardew  seemed  to  be  the  ooly 
one  that  would  give  satisfactory  results,  for  by  it  the  machinei 
^can  be  tested  under  the  actual  conditions  of  working. 

Now  that  it  is  no  longer  thought  that  a  dynamo  is  simply* 
generator  of  electricity,  and  as  such  may  be  used  indiscriminately 
for  any  purpose  to  which  electricity  is  applied,  makers  designing 
special  forms  of  machine  to  meet  the  difiFerent  requirements  for 
which  they  are  to  be  used,  the  importance  of  considering  the 
behaviour  of  the  machine  when  working  under  the  exact  a»- 
ditions  for  which  it  was  designed  cannot  be  over-estimated. 

In  considering  the  matter,  the  many  advantages,  bom  » 
mathematical  standpoint,  of  selecting  one  of  the  above-mentioned 
methods,  or  of  running  the  machine  on  a  closed  metallic  drcmt, 
could  not  be  overlooked.  How  much  more  satisfectoiy  it  wooU 
be  to  have  the  current  almost  absolutely  steady,  without  those 
fluctuations  caused  by  a  faulty  lamp  or  a  bad  carbon,  which  nab 
the  readings  of  the  instrument  used  in  testing  so  irregular,  and 
80  difficult  to  obtain  with  any  degree  of  accuracy!  But  the 
machines  were  not  made  to  run  on  closed  metallic  circuit,  and, 
if  they  are  to  be  tested  fairly,  must  be  tested  with  all  the 
fluctuations  of  current,  friction  caused  by  pull  of  belt  on  bearingSr 
and  other  modifying  influences  which  exist  under  the  nonnw 
ondition  of  working. 

In  some  classes  of  machine,  where  the  commutator  has  Ditff 
segments,  and  each  section  of  the  armature  winding  has  butfe* 
convolutions,  especially  if  the  machine  is  intended  to  Kp 
incandescent  lamps  or  charge  secondary  batteries,  the  chances » 
error  in  any  of  the  above  methods  would  be  a  minimum.  Bb* 
with  machines  like  the  Brush  arc  dynamos,  where  the  cot0^ 
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tator  segments  are  few,  and  the  number  of  windings  per  armature 
ooil  ver7  great,  the  errors  introduced  by  running  the  machine  on 
closed  metallic  circuit  instead  of  the  ordinary  lamp  circuit  for 
which  it  was  designed  may  be  considerable,  unless  the  metallic 
circuit  is  arranged  to  have  the  same  self-induction  as  the  lamp 
circuit*  With  such  machines  as  the  Brush  the  current  should  be 
maintained  as  nearly  as  possible  at  the  value  for  which  the 
machine  was  designed,  as  small  alterations  in  th&  current  may 
produce  sensible  alterations  in  the  behaviour  of  the  machine. 
The  tests  should  be  made  when  the  machines  have  attained  their 
state  of  steady  temperature.  It  is,  of  course,  needless  to  insist 
that  the  machine  shall  on  each  and  every  day  reach  its  state  of 
steady  temperature,  as  the  atmospheric  temperature  may  vary 
considerably.  It  is  sufficient  if  the  machine  attains  a  temperature 
which  would  be  its  steady  state  with  some  known  atmospheric 
temperature  within  the  range  of  practical  work. 

If  Dr.  Hopkinson's  method,  where  two  similar  machines  have 
their  armatures  rigidly  connected,  were  used,  it  would  be  needful 
to  consider  the  exact  relative  angular  position  of  the  corresponding 
coils  in  the  two  armatures.  If  this  were  not  attended  to,  the 
armatures  might  be  so  connected  that  the  periodic  fluctuations  of 
the  current  would  be  either  increased  or  diminished  by  the  com- 
bination of  the  machines ;  hence  the  conditions  of  practical  work 
might  not  be  attained.  In  any  case,  with  the  two  machines 
directly  coupled  (electrically),  as  suggested  either  by  Hopkinson 
or  Swinburne,  the  modifying  effect  of  the  self-induction  of  the 
'  circuit  on  the  current  fluctuation  would  be  lost. 

For  these  and  other  reasons  the  elegant  methods  adopted 
by  Hopkinson  and  Swinburne  were  deemed  unsuitable  in  this 
particular  case.  Cardew's  method  was  also  rejected  as  being 
unwieldy,  necessitating  as  it  does  the  removal  of  the  machines, 
and  so  many  belt  transmissions. 

As  no  other  purely  electrical  method  was  thought  of,  it  was 
determined  to  adopt  the  method  involving  the  use  of  a  mechanical 
dynamometer  for  measuring  the  energy  absorbed  by  the  machine, 
and  to  measure  the  output  by  the  ordinary  electrical  method,    t 

The  chief  disadvantage  of  this  plan  appeared  to  be  in  the 
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necessity  of  having  all  the  instruments  used  accurately  calibrated. 
The  efficiency  would  not  be  the  ratio  of  two  sets  of  measurements 
taken  by  the  same  instrument,  or  even  by  two  different  sets  of 
instruments  which  could  be  directly  compared  iTiier  ae.  Bat  as 
there  is  no  great  difficulty  in  the  calibration  of  electrical  instm- 
mentSy  at  least  within  a  degree  of  accuracy  sufficient  for  all 
practical  purposes,  and  the  mechanical  dynamometer  can  be 
directly  tested,  the  increased  facilities  for  testing  the  machines 
whilst  actually  working  on  their  respective  circuits  was  considered 
sufficient  to  outweigh  the  disadvantages  of  the  method. 

In  all  efficiency  tests  but  one,  Siemens  electro-dynamometers 
were  used  to  measure  the  current.    For  some  other  tests  Ayiton 
and  Perry's  meters,  of  both  spring  and  magnet  forms,  were  used. 
Hie  values  of  the  readings  of  these  instruments  were  carefoDj 
determined  by  comparison  with  the  electro-dynamometers.    The 
latter  instrument  was  calibrated  by  connecting  it  in  series  with  a 
battery,  an  adjustable  resistance,  and  a  fixed  resistance  consiBting 
of  a  large  number  of  small  Grerman  silver  wires  arranged  so  that 
any  number  could  be  put  in  parallel.    The  massive  terminals  to 
which  the  small  Grerman  silver  wires  were  fastened  were  con- 
nected through  a  very  sensitive  reflecting  galvanometer  and  a 
standard  Clark  cell.     A  key  was,  of  course,  placed  in  each  drcnit 
With  a  given  number  of  Q-erman  silver  wires  in  parallel,  the 
current  through  the  total  circuit  was  adjusted  by  means  of  the 
variable  resistance  till  the  potential  difference  at  the  terminals 
of  the  Grerman  silver  wires  was  equal  to  the  electro-motive 
force  of  the  standard  cell.    The  exact  resistance  of  the  German 
silver  wires  was  immediately  measured  by  the  aid  of  one  of 
Elliot's  metre  bridges.     A  small  standard  resistance   was  con- 
structed  from  a  piece   of   the   same    German    silver    wire  as 
that  used  in  the  fixed  resistance.     The  exact  value  of  this  cofl 
was  found  by  comparison  with  one  of  Elliot's  standard  B.A- 
units.    All  apparatus  to  be  used  was  placed  in  position  some 
time  before  required,  to  allow  the  temperature   of  all  parts 
to  become  equal.     The  temperature  was  taken  by  a  standard 
thermometer  which  had  been  tested  at  the  Kew  Observatoiy. 
Two  standard  cells  were  used — one  by  L.  Clark,  Muirhead,  &  Co.; 
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^he  other  made  up  at  the  time  in  accordance  with  Lord  Say- 
'leigh's  instmctions,  whose  formula  for  the  variation  of  the 
electro-motive  force  of  the  cell  with  change  of  temperature 
was  used.  The  two  cells  when  tested  were  found  to  be  almost 
exactly  equal.  No  difference  could  be  detected  when  they  were 
com^red  by  the  condenser  and  ballistic  galvanometer.  But  a 
very  small  difference  did  exist,  and  was  shown  by  the  deflection 
on  a  sensitive  reflecting  galvanometer  when  the  cells  were  con- 
nected zinc  to  zinc,  the  remaining  terminab  being  connected  to 
the  galvanometer. 

In  all  calibrations  some  measurements  were  taken  with  each 
'of  the  standard  cells. 

The  results  of  the  calibration  tests  of  the  Siemens  electro- 
dynamometer  gave  the  value  of  the  constant  =  '8716.  The  con- 
'Stant  as  given  by  the  maker  was  '87 — a  difference  of  less  them 
one-fifth  per  cent.  The  same  electro-dynamometer  when  com- 
pared with  one  of  Ayrton  and  Peny^s  latest  spring  ammeters 
differed  by  very  little  more  than  'Ol  per  cent. 

Two  voltmeters  were  used — one  of  Ayrton  and  Perry's  spring 
form,  the  other  of  the  electro-dynamometer  pattern.  Both  of  these 
instruments  were  wound  with  copper  wire,  and  large  resistance 
coils  of  G-erman  silver  wire,  differentially  wound,  were  used  to 
reduce  the  potential  difference  at  the  terminals  of  the  instrument 
proper.  The  voltmeters  were  calibrated  in  exactly  the  same 
manner  as  the  current-meters.  They  were  also  checked  by 
measuring  the  potential  difference  at  the  terminals  of  a  known 
resistance  by  means  of  the  condenser  and  ballistic  galvanometer. 
These  two  methods  gave  exactly  the  same  results  in  several  tests^ 
and  the  condenser  method  was  ultimately  discontinued,  owing  to 
the  difficulty  of  obtaining  a  place  where  the  ballistic  galvanometer 
covld  be  used  without  interference  from  locomotives  moving  in 
the  vicinity.  The  dynamometer  voltmeter  was  afterwards  com- 
pared with  one  of  Ayrton  and  Perry^s  spring  meters :  for  100  volts 
the  difference  in  their  readings  did  not  exceed  one-tenth  of  a  volt. 

The  meter  bridge  was  calibrated  by  Carey  Foster^s  well- 
known  method.  An  additional  correction  had  to  be  made  for  the 
heating  of  the  gauge  wire  by  conduction  from  the  binding  scren^s.^- 
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No  special  means  were  previously  employed  to  prevent  error  froi 
this  source,  as  it  was  not  cmticipated  that  the  effect  would  \ 
appreciable^ 

The  selection  of  a  suitable  mechanical  dynamometer  was  n( 
easy.    The  following  conditions  were  laid  down  as  essential : — 
1st.  It  must  be  susceptible  of  a  fair  degree  of  accuracy,  ai 

show  instantly  any  variation  in  the  load. 
2nd.  It  should  be  of  such  a  form  that  errors  are  not  likely  I 
arise  from  the  difficulty  (owing  to  the  thickness  of  tl 
belt)  of  accurately  determining  the  virtual   radius  ( 
the  pulley ;  and  no  power  should  be  absorbed  betwee 
the  point  at  which  the  pressure  is  measured  and  th 
dynamo  spindle. 
3rd.  Any  springs  contained  must  be  so  placed  that  centii 
fiigal  force  will  not  introduce  uncertain  effects  on  fch 
indications  of  the  instrument. 
4th.  It  must  be  portable,  and  easily  fitted  up. 
The  first  condition  simply  requires  that  whatever  the  principle 
involved  it  shall  be  faithfully  executed,  and  that  the  moment  ol 
inertia  and  number  of  moving  parts  shall  be  as  small  as  possible 
The  second  condition  requires  that  the  power  shall  be  transmitted 
to  the  spindle  of  the  dynamo  at  some  fixed  distance  from  its  aiis 
of  rotation,  and  that  it  is  the  pressure  at  this  point  which  is  shown 
on  the  indicating  mechanism. 

The  simplest  way  of  fulfilling  the  above  conditions  seemed  to 
be  to  give  the  dynamometer  the  form  of  a  pulley  to  be  directly 
applied  to  the  spindle  of  the  machine  tested.  It  is  important  that 
the  displacement  of  any  of  the  parts  of  the  mechanism  shall  be 
very  small,  even  though  the  indicator  passes  from  zero  to  it« 
maximum  reading. 

A  pulley  was  accordingly  constructed  the  principle  of  wWci 
is  as  follows : — 

The  energy  supplied  to  the  machine  is  transmitted  througli 
a  .^fixed  point  at  a  distance  intermediate  between  the  axis  of 
the  spindle  and  rim  of  the  pulley.  By  means  of  levers  and 
pistons  the  pressure  is  transmitted  to  a  fluid  filling  the  cbBXoibe^ 
in  which  the  piston  moves,  and  by  it  through  a  glass  tube  which 
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lies  in  the  axis  of  rotation  to  a  spring  chamber  the  capacity  of 
which  Yaries  with  the  pressure  on  the  enclosed  floid.  The  pressure 
on  the  point  through  which  the  energy  is  transmitted  is  shown^by 
the  displacement  of  the  fluid  in  the  glass  tube. 

The  pulley  (see  diagram,  Fig.  6)  was  made  so  that  the  rim, 

ft 


Fig.  6. 
B,  could  turn  freely  on  the  nave,  N.    Two  radial  chambers,  C, 
were  carefully  bored  in  the  nave  at  the  opposite  ends  of  a 
diameter,  and  pistons  were  accurately  fitted  in  them,  so  thal'^ 
VOL.  xvm.  50 
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though  watertight  they  could  move  freely.  Two  bent  levers,  L, 
^ere  hinged  at  the  nave,  each  being  so  shaped  that  when  one 
arm  pressed  on  the  centre  of  the  piston,  the  line  passing  through 
this  point  of  contact  and  the  centre  of  the  hinge,  was  at  right 
angles  to  the  radius  drawn  through  the  point  of  contact.  At  the 
same  time  the  other  arms  of  the  levers  stood  in  a  direction  such 
that  the  surface  of  the  lever  remote  from  the  piston  coincided 
with  the  radius  passing  through  the  centre  of  the  hinge.  These 
arms  were  of  such  length  that  they  just  cleared  the  inner  surface 
of  the  pulley  rim.  The  connection  between  the  rim  and  nave 
was  made  by  means  of  two  blocks  of  iron,  B,  riveted  to  the  inner 
surface  of  the  rim  in  such  a  position  that  they  would  come  in 
contact  with  the  projecting  arms  of  the  levers.  The  point  of 
pressure  was  rendered  definite  by  the  use  of  knife  edges,  and  any 
shock  was  relieved  by  the  interposition  of  a  suitable  spring.  Two 
small  holes  were  drilled  parallel  to  the  eye  of  the  pulley  opening 
into  the  cylinders.  The  indicating  apparatus  was  fixed  so  that 
it  would  coincide  with  the  axis  of  rotation  when  the  pulley  was 
in  use.  It  consisted  of  a  glass  tube,  with  a  carefully  fitted 
ebonite  piston  which  served  as  a  marker.  This  piston  was  made 
about  10  diameters  long,  and  had  several  small  grooves  turned  in 
it.  The  glass  tube  was  mounted  with  a  metallic  chamber  at  each 
end,  one  being  bolted  to  the  pulley  nave,  the  other  closed  with  a 
circular  corrugated  steel  spring  similar  to  those  used  in  some 
steam  pressure  gauges.  The  metallic  chambers  were  mechani- 
cally connected  by  an  iron  tube  in  which  three  longitudinal  slots 
were  cut  to  enable  the  glass  tube  to  be  seen.  The  angular 
width  of  each  slot  was  60^.  The  scale  was  fastened  on  the 
inner  side  of  the  bars  of  the  iron  tube ;  consequently  each  time 
a  slot  turned  towards  the  eye  the  glass  tube  and  ebonite  piston 
were  seen  projected  on  the  scale  that  was  fastened  to  the  opposite 
bar.  When  in  rapid  motion  the  scale  appeared  as  if  drawn  round 
the  glass  tube,  and  the  end  of  the  black  ebonite  piston  formed  a 
well-defined  line  from  which  to  read.  Every  tenth  division  was 
marked  in  red,  and  the  fifties  were  shown  by  a  bright  line  on  the 
outer  surface  of  the  iron  tube. 

In  the  pulley  used,  the  diameter  of  the  bore  in  the  glass  tube 
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was  about  l-25th  of  that  of  either  piston.  Hence,  if  both  pistons 
were  in  use,  the  motion  of  the  ebonite  piston  would  be  about 
1,250  times  as  great  as  that  of  either  of  the  main  pistons.  The 
length  of  the  scale  was  about  6*5  inches,  so  that  a  motion  of  the 
main  pistons  of  l-200th  of  an  inch  would  cause  the  indicator  to 
travel  over  the  whole  length  of  the  scale.  The  pulley  was 
arranged  so  that  one  or  both  pistons  could  be  used.  By  this 
means  the  range  of  the  instrument  was  doubled.'  Using  one 
piston  and  running  at  900  revolutions  per  minute,  the  maximum 
reading  corresponded  to  about  30  horse-power,  and  with  both 
pistons  to  about  double  that  value. 

It  will  be  seen  that  a  dynamometer  of  this  form  may  be 
constructed  to  fulfil  fedrly  well  the  conditions  laid  down  as 
essential. 

The  sensitiveness  is  determined  by  the  stiflFhess  of  the  steel 
spring  and  length  of  glass  tube  used.  In  practice  a  very  great 
degree  of  sensitiveness  is  not  required,  as  the  variations  in  the 
power  absorbed  were  found  to  exceed  two,  or  at  times  even  three 
per  cent,  of  the  total,  whereas  one-half  per  cent,  could  have  been 
easily  read.  The  ammeter  showed  fluctuations  in  the  current  at 
least  equal  in  relative  magnitude  to  those  shown  by  this 
mechanical  dynamometer. 

To  calibrate  the  dynamometer  pulley  it  was  keyed  on  a  fixed 
horizontal  spindle.     A  long  balanced  arm  was  bolted  to  the  rim, 

and   at  a  distance  from  the  centre  of  the  spindle  (measured 

20 

horizontally)  equal  to  - —  feet  a  screw  was  put  into  the  lever. 

Various  weights  were  suspended  from  the  screw,  and  the  corre- 
sponding displacement  of  the  ebonite  piston  noted.  It  was 
found  that  the  displacement  was  directly  proportional  to  the 
Load;  hence  the  scale  could  be  so  divided  that  the  readings 
would  show  at  a  glance  the  tangential  pull  of  the  belt  in  pounds 
at  any  given  radius.      In  the  pulley  used  the  constant  was 

calculated  for  a  radius  of  ^ —  feet.    The  reading  showed  at  once 

jS  TT 

the  tangential  pull  at  this  radius,  and,  multiplying  by  ten,  the 
number  of  foot-pounds  absorbed  per  revolution  of  the  armature- j 
It  should  be  noted  here  that  the  levers  in  the  pulley  were 
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counterbalanced  for  the  centrifugal  force  of  the  pistons  and  fluid 
below  them.  The  correctness  of  the  balancing  was  tested  by 
mounting  the  pulley  on  a  spindle  and  rotating  it  rapidly  in  both 
directions,  first  of  all  having  removed  the  rim.  If  the  balandng 
were  correct  a  small  deflection  should  be  produced,  its  direction 
depending  on  the  direction  of  rotation,  and  the  two  deflections 
should  be  equal  at  the  same  speed  of  rotation.  No  error  was 
detected  owing  to  the  unequal  distribution  of  the  fluid  pressure 
on  the  circular  spring  caused  by  centrifugal  force.  This  fact  is 
not  surprising  when  it  is  remembered  that  the  effective  diameter 
of  the  spring  was  only  1-25  inches,  and  that  the  fluid  (glycerine) 
used  was  light. 

The  dynamometer  pulley  was  placed  on  the  machine  which  it 
was  desired  to  test,  in  the  daytime^  and  fresh  glycerine  put  in. 
One  of  the  bolts  holding  the  field-magnet  core  was  taken  out, 
and  a  similar  one,  but  with  a  hole  bored  in  it  to  receive  the 
thermometer,  put  in  its  place. 

The  electro-dynamometers  were  always  carefully  adjusted  for 
position  after  all  machines  were  in  full  work,  so  that  no  disturb- 
ing effect  would  be  introduced  by  the  action  of  the  current  in 
leads  which  ran  near  the  testing  table.  Each  reading  noted  gave 
the  mean  position  of  the  indicator  for  about  15  or  20  seconds  in 
all  measurements,  whether  electrical  or  mechanical. 

The  speed  of  the  armatures  was  determined  by  one  of 
Harding's  counters,  in  all  cases  a  full  minute  being  taken. 

The  constants  of  all  electrical  instruments  were  calculated 
for  the  mean  temperature  of  the  dynamo  room — 27^  centigrade. 
The  temperature  correction  for  the  dynamometer  pulley  was  not 
determined,  as  only  the  first  or  last  two  or  three  readings  were  to 
be  used  in  the  results,  and  the  accuracy  of  these  was  ensured  by 
taking  the  zero  of  the  pulley  both  before  and  after  the  machind 
was  run.  The  intermediate  readings  were  taken  only  to  show  if 
any  serious  alterations  took  place  in  the  general  working  of  the 
machines. 

These  tests,  the  results  of  which  are  tabulated  (see  Table  A), 
were  made  primarily  to  ascertain  the  commercial^efficiency  of  ib« 
various  arc  machines  used.    By  "  commercial  efficiency  "  I  mean 


1S89.] 


EXHIBITION,  MELBOUBNE,  1888  and  1889. 


7» 


• 

r>» 

jjj 

CO 

-^ 

25 

1 

d^ 

CO 

6i 

00 
6i 

SS 

s 

— ^ 

CO 

_^ 

t- 

^^ 

, !R . 

X  ^ 

X  & 

, 

w 

CO 

to 

»H 

iH      CO      kO 

C5 

Oi 

r-i 

*o 

l> 

t^ 

9P 

00 

CO     »i5     CO 

a^ 

d^eq 

rH 

-^ 

04 

<M 

O) 

'«** 

Ol 

'^J^ 

«    ^    S2 

00 

00 

t^ 

!>• 

00 

CO 

t^ 

00 

t^ 

!>.      CO      CO 

Pk 

i> 

kO 

1^ 

99 

CO 

00 

vH 

-* 

lO 

<N     CO     ^ 

t^ 

W 

•* 

40 

o 

»o 

^ 

(N 

00 

t^ 

-^ 

Oi    op    op 

;^ 

« 

^ 

CO 

CO 

CO 

CO 

CO 

t* 

ic 

00 

CO      04      00 

fl 

pa 

fH 

fH 

1-1 

r-i 

r-t 

rl 

1^ 

r-^ 

rH 

rH      11      rH 

i 

4* 

t 

<? 

-^ 

O 

•lH 

-N 

^               CO 

< 

^ 

•^ 

CO 

99 

xc 

« 

o> 

Oi 

t^ 

)0      OO      'O 

1 

•^s 

r-» 

14" 

C^ 

5^ 

|4 

1-^ 

50^ 

i-< 

f-T    I-T    rH 

IJ 

CO 

Od 

^ 

i-t 

^H 

00 

OO 

*H 

^    *5    2J 

o> 

CV 

c? 

CO 

CO 

00 

00 

^5 

00     CO     CQ 

o     § 

CO 
0> 

Op 

^1 

r-l 

6 

6> 

OO 

? 

O     Oi     1-1 

o    OS    6 

rH 

"^ 

r-i               r-t 

•  ■2  6* 

^ 

CO 

00 

C» 

lO 

^ 

00 

Oi 

CO 

25    2*    ^ 

CO 

1-H 

-«*< 

00 

Ci 

00 

rH 

04 

CO 

o    o>    qc 

•3« 

t* 

6 

^M 

<N 

a% 

CO 

CO 

00 

^ 

CO      00      CO 

3 

1-H 

e^ 

(N 

(N 

wi 

<N 

<N 

l-« 

(M 

G4      r^     (M 

P 

s 

•i) 

'§  b  0 

CO 

ro 

O 

•< 

o 

o 

ao 

O 

o 

o 

00 

e^ 

O 

'^      »C      t^ 

S2 

CO 

00 

00 

00 

CO 

CO 

(N 

CO 

cc 

-M      00      1-1 

5 

0» 

o» 

o> 

o> 

3> 

(Ji 

a 

Oi 

Od 

oi    a    oi 

•tt 

s^ 

00 

-^ 

o 

o 

i,0 

CO 

o 

c 

^    tz    ^ 

1** 

S'" 

■^ 

cq 

00 

00 

(N 

(N 

ZO      N 

=^- 

CO 

00 

CO 

00 

CO 

1 

N 

CO 

CO 

00     00     00 

o 

"~ar~ 

"co~ 

r-~ 

"^  1 

~co~ 

G^ 

1-^ 

00      -M      t^ 

• 

•^ 

'«*' 

-^ 

^ 

^JL    1 

2 

»o 

CO 

00      !>•      CO 

J 

a 

1^ 

1-1 

: 

1-1 

< 

vH 

rH 

r^ 

pH      rH      iH    . 

19 

s 

a) 

0 
^ 

^ 

Eh 

i 

•< 

<? 

o* 

S 

iS 

a 

r>. 

-^ 

-^ 

o 

<M 

r^ 

;o 

O 

CJ 

CO      f-H      CO 

ii 

^ 

»o 

(N 

o 

CO 

CO 

X 

-^ 

■^ 

•^ 

-?J<      CO      ic 

8 

i 

■^ 

C» 

m 

'^ 

•^ 

-^ 

00 

00 

rH 

00      00      00 
1-H      1^      rH 

^ 

•s  1 

s-^-Y"^*^ 

1 

"iqx 

^  I 

uiqx 

'n^nx 

s 

1 

p 

•saxTij  avaxTRHy 

•83 

rXTT 

J  a 

a.llTKHV 

•aiCTHj  aiio^ 

'KVaUT 

niniM7PH  h 

V  clonal: 

TSOi  LIGHTING  OF  CENTENNIAL  INTERNATIONAL      [Nor.  14^^ 

the  ratio  of  the  electrical  energy  available  at  the  terminals  to 
the  actua^  energy  absorbed  at  the  spindle  of  the  machine. 

It  will  be  seen  that  the  current  actually  supplied  by  the 
majority  of  the  machines  was  a  little  below  the  normal,  the 
machines'  being  professedly  designed  for  a  current  of  10  amperes. 

The  times  of  run  as  shown  in  the  table  were  not  sufficient  for 
the  machines  to  attain  their  state  of  steady  temperature,  though 
in  the  majority  of  cases  the  temperature  reached  would  be  a  fiur 
average  for  ordinary  working. 

The  armatures  of  the  machines  were  interchangeable,  so  that 
any  given  armature  cannot  be  considered  a  part  of  any  specified 
machine ;  it  was  important,  therefore,  to  ascertain  not  only  the 
relative  value  of  the  diflferent  forms  of  frame,  but  also  of  the 
different  armatures  in  them. 

It  will  be  seen  from  the  table  that  the  diflferent  forms  of 
machine  having  thin-plate  armatures  are  almost  equally  eflScient, 
the  solid-frame  pattern  having  a  slight  advantage.     The  difference, 
however,  between   the   two  forms  of  machine  with  thick-plate 
itrmatures  is  stiU  less,  and  the  advantage  in  favour  of  the  rail 
pattern.     But  as  only  one  of  the  solid-frame  machines  contained 
a  thick-plate  armature  the  comparison  is  of  little  value.    For 
practical  purposes  it  may  be  said  that  the  commercial  eflSciency 
of  the  two  forms  of  machine,  provided  the  armatures  are  similar, 
is  the  same.     Greater  alterations  in  the  efficiency  of  either  class 
may  be  caused  by  slight  alterations  in  the  conditions  of  working, 
than  the  actual  difference  between  the  two  classes  as  shown  in 
the  table. 

The  difference  in  the  two  types  of  armatures  is  very  marked. 
Taking  the  mean  from  the  two  classes  of  machines,  the  eflSciency 
of  the  thin-plate  armatures  will  be  found  to  be  about  8*27  per 
cent,  greater  than  that  of  the  thick-plate  armatures.  But, 
tmfortunately,  the  thin-plate  armatures  were  not  calculated  to 
withstand  the  mechanical  strains  to  which  they  are  subjected  in 
ordinary  work,  so  the  higher  efficiency  obtained  from  them  has 
only  a  theoretical  existence.  There  is,  however,  no  mechanical 
reason  why  the  armatures  should  not  be  constructed  with  thin 
plates,  and  at  the  same  time  be  free  from  the  mechanical  faults 


ZM9.] 


EXHIBITION,  MELBOUBNE»  1888  amb  1889. 


781 


sliown  to  exist  in  those  under  review.  Indeed,  such  armatores 
liave  been  constructed  in  the  Victorian  Railways  Telegraph  work- 
shops which  are  quite  free  from  the  faults  named.  One  of  these 
lias  been  running  for  several  years  without  ever  giving  trouble, 
and  doing  excellent  work. 
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The  curves  in  the  diagram  (Fig.  1)  were  taken  to  ascertain  the 
relative  vahie  of  the  magnetic  circuits  in  the  two  classes  of  frames. 
The  method  adopted  was  as  follows  : — 

The  commutator  brush-holders  were  electrically  disconnected 
from  the  field-magnet  circuit.  The  ordinary  brushes  were  taken 
out  and  replaced  by  others  so  bent  that  contact  could  be  made 
with  the  commutator  at  the  neutral  point.  The  armature  was 
run  at  the  normal  speed,  and  the  field  magnets  were  separately 
excited  by  a  variable  current  taken  from  an  incandescent  circuit. 

Simultaneous  readings  were  taken  of  the  current  through  the 
field  coils,  the  potential  difiference  at  the  terminals  of  the  arma* 
ture,  and  the  speed  of  rotation.  From  these  data  curves  were 
plotted  as  shown  in  the  diagram. -  -^ 
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All  the  machines  tested  in  this  mannejr  had  similar  thin-plate 
armatures. 

The  resistance  of  the  voltmeter  used  was  great,  so  that  the 
potential  difference  as  shown  by  it  was  practically  the  electro- 
motive force  of  the  machine. 

As  the  number  of  windings  and  speed  of  rotation  of  the 
armatures  were  the  same,  the  electro-motive  forces  would  be 
directly  proportional  to  the  total  induction  through  the  armatures. 

The  induction  through  the  armatures  depends  on  the  mag- 
netising force  (H)  of  the  current  in  the  field  coils,  and  the 
goodness  of  the  magnetic  circuit. 

In  the  machines  tested,  the  number  of  windings  on  the  field 
coils  were  equal.  Hence  the  electro-motive  forces  of  the  different 
machines,  when  taken  with  the  same  current  in  the  field,  will 
represent  the  relative  values  of  their  magnetic  circuits. 

The  curves  may  be  taken  either  as  saturation  curves  of  the 
total  magnetic  circuit,  or  as  curves  of  total  induction  through  the 
armature,  provided  no  sensible  current  is  taken  from  it. 

An  examination  of  the  curves  in  Diagram  I.  will  show  a  small 
magnetic  advantage  in  favour  of  the  solid  frames.  This  result 
was  expected,  from  the  fact  that  the  bed-plate  increases  the 
effective  cross  area  of  the  field-magnet  yokes,  but  is  not  likely  to 
materially  increase  the  magnetic  leakage  owing  to  the  great 
length  of  circuit. 

The  early  part  of  curve  of  dynamo  No,  460  was  taken  with 
the  very  greatest  care.  Only  a  few  of  the  points  are  marked  for 
clearness,  as  the  curve  passed  evenly  through  them  all.  The 
usual  concavity  at  the  commencement  is  shown  in  a  marked 
degree.  The  slow  rise  of  this  curve  for  low  degrees  of  excitation 
seems  to  indicate  a  greater  degree  of  hardness  of  the  iron.  All 
the  curves  approximate  to  the  same  form  over  that  portion  of 
their  length  which  corresponds  with  the  ordinary  range  of 
excitatioD. 

Table  B  shows  the  conditions  of  running  and  general  behaviour 
of  the  machines  shortly  after  starting.  Very  little  more  time 
was  allowed  before  the  measurements  were  taken  than  was 
necessary  for  the  lamps  to  assume  a  proper  working  conditioi^lc 
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At  times,  however,  the  tests  had  to  be  postponed  till  the 
machinery  attained  its  normal  speed.  It  will  be  seen  that  the 
current  in  most  cases  was  above  10  amperes. 

In  Table  C  the  more  important  values  given  in  Tables  A  and 
B  are  compared,  and  their  di£ferences,  with  their  proper  signs,  are 
added,  to  enable  the  alterations  which  take  place  when  the 
machines  and  lamps  are  heated,  to  be  more  readily  detected. 

The  current  in  every  case  but  one,  fell  as  the  evening  advanced. 
This  reduction  is  mainly  due  to  the  increase  in  resistance  (due  to 
heat)  of  the  shunt  circuit  in  the  lamps.  The  effect  of  this  is  to 
lessen  the  action  of  the  fine  wire  in  the  differential  coils  and  allow 
the  carbons  to  be  separated  a  little  farther ;  that  is,  to  increase  the 
potential  difference  required  at  the  terminals  of  the  lamps. 

In  ten  out  of  twelve  of  the  arc  machines  tested,  the  commercial 
efficiency  was  found  to  increase  with  the  reduction  of  current  that 
took  place  from  the  above  cause.  In  the  other  two  machines  the 
current  and  efficiency  rose  or  fell  together.  A  comparatively 
small  increase  of  current  above  the  normal  is  found  to  produce 
a  sensible  diminution  in  the  efficiency.  Hence  in  practical  work 
it  is  important  to  ascertain  the  most  efficient  current  to  take  from 
the  machines,  and  see  that  it  is  always  maintained  at  that  value. 
The  increase  in  the  efficiency  may  be  partially  due  to  a  reduction 
in  the  losses  caused  by  Foucault  currents  in  the  armature  and 
field  magnets,  brought  about  by  an  increase  in  the  specific  resist- 
ance of  the  n^etal  by  heat.  The  loss  due  to  magnetic  viscosity  in 
the  armature  core  may  also  be  lessened  by  the  same  agency. 

It  will  be  seen  that  the  average  output  of  the  machines  is 
much  about  the  same  whether  they  are  hot  or  cold. 

Total  output  of  12  machines,  cold     199*42  electrical  horse-power. 

hot      195-94 


Difference 3*48         „  „ 

Total  power  absorbed  at  pulleys  by  12  machines,  cold  279*77  H.P. 

hot  261-11     „ 


Difference 18-66 

The  power  absorbed  by  the  machines  is  much  less  when 


w 


e 
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hot ;  the  total  redaction  in  the  twelve  tested  being  18"66,  or  1"5 
horse-power  per  machine,  while  the  diminution  in  the  output  vss 
little  more  than  a  quarter  horse-power  per  machine.  This  fBtd 
accounts  in  some  measure  for  the  gradual  increase  in  the  speed  of 
the  engines  (which  has  been  previously  mentioned)  as  the  evening 
advanced,  though  the  steam  pressure  and  number  of  machines 
driven  remained  constant. 

As  there  is  no  direct  method  of  ascertaining  the  power  absorbed 
by  Foucault  currents  and  magnetic  viscosity  while  the  machines 
are  at  work  (the  usual  method  being  to  find  the  value  of  all 
directly  measurable  quantities  and  subtract  their  sum  firom  the 
total  power  absorbed  by  the  machine,  the  balance  being  debited 
to  the  above  causes),  an  attempt  was  made  to  find  approximately 
the  alteration  in  the  magnitude  of  these  losses  corresponding  with 
given  variations  m  the  total  induction  through  the  armature,  by 
the  following  method : — 

The  dynamometer  pulley  was  placed  on  the  machine  to 
be  tested,  the  field  magnets  were  arranged  so  that  thej  coold 
be  separately  excited  by  a  variable  current,  and  the  commuta- 
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tor  brashes  were  removed  from  the  machine.  The  zero  of  the 
pulley  was  noted,  and  the  machine  then  run  at  the  normal 
speed,  the  deflection  produced  on  the  pulley  indicating  the  power 
absorbed  by  mechanical  friction.  The  field  magnets  were  then 
gradually  excited  and  simultaneous  deflections  ^on  the  ampere- 
meter and  pulley  noted,  the  speed  of  rotation  of  the  armature 
being  also  taken.  From  the  data  thus  obtained  the  curves  on 
the  diagram  (Fig.  2)  were  drawn. 

It  must  not  be  forgotten  that  the  value  obtained  for  the  waste 
power,  corresponding  with  a  given  degree  of  field  excitation,  does 
not  necessarily  represent  that  which  actually  takes  place  when  the 
machine  is  at  work  with  the  given  degree  of  field  excitation.  The 
modifying  influence  of  the  current  in  the  armature  cannot  well. 
be  estimated.  The  reduction  produced  by  it  in  the  total  induction 
through  the  armature  core  would  tend  to  lessen  these  losses.  At 
the  same  time  the  losses  in  both  armature  core  and  pole-pieces 
would  be  increased,  owing  to  the  forward  rotation  of  the  field  by 
the  armature  current  crowding  up,  as  it  were,  the  lines  of  force 
into  a  smaller  space,  so  increasing  the  electro-motive  force  of  the 

dfL 
induced  currents,  the  value  of  which  is  always  ^^.     Another  source 

of  difficulty  in  the  Brush  machine  is  the  uncertainty  of  the  effect 
produced  by  the  great  oscillation  of  the  armature  field  (about  40**) 
owing  to  the  small  number  of  commutator  segments.  The  curves 
shown  on  Diagram  II.  present  some  striking  peculiarities. 

The  points  from  which  the  several  curves  start  on  the  vertical 
line  for  C  =  0  may  be  regarded  as  their  respective  origins.  The 
power  indicated  by  the  portion  of  the  ordinates  below  this  point 
is  due  to  mechanical  friction,  and  is  constant  for  all  degrees 
of  excitation  of  the  field.  The  curves  Nos.  462A  and  B  were 
taken  with  the  machine  cold  and  hot  respectively.  It  will  be 
observed  that  less  power  is  wastefuUy  absorbed  when  the  machine 
is  hot  than  when  cold,  and  that  as  the  two  curves  start  from  the 
same  point  the  difference  is  not  due  to  mechanical  causes.  These 
curves  show  in  the  early  part  a  very  slow  rise  in  the  waste  power 
for  a  given  increment  in  the  field  excitation ;  but  as  the  excita- 
tion is  increased,  the  lost  power  rises  with  an  increasing;  rate.    On 
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the  same  diagram  the  carves  marked  Nos.  1856A  and  B  were 
taken  with  increasing  and  decreasing  currents  in  the  field  coib 
respectively.  By  reference  to  Table  C  it  will  be  seen  that  dynamo 
No.  1856  is  one  of  those  in  which  the  eflSciency  rises  and  fiJls 
with  the  current  in  the  circuit.  The  curve  taken  with  an  increas- 
ing current  is  the  only  one  of  interest.  The  early  portion  is 
peculiar,  and  I  can  see  no  satisfactory  explanation  of  the  pecu- 
liarity. From  the  point  where  the  exciting  current  is  4  amperes 
the  curve  is  nearly  a  straight  line,  which,  if  produced  downwards, 
would  pass  through  the  origin.  In  this  machine,  then,  the 
power  absorbed,  driving  the  armature  (on  open  circuit)  through 
the  magnetic  field  increases  directly  as  the  current  at  least 
between  the  values  C  =  4  and  C  =  10.  But  the  power  required 
to  overcome  mechanical  friction  is  constant.  Hence,  if  the 
resistance  of  the  circuit  remains  constant,  as  it  practically  does 
in  this  case,  the  efficiency  of  the  machine  will  rise  and  fall  with 
the  current  taken  from  it.  Curve  No.  460  was  taken  firom  the 
other  machine,  in  which  the  efficiency  and  current  rise  and  M 
together.  The  power  absorbed  by  the  armature  on  open  circuit 
increases  at  first  very  rapidly  with  the  current;  but  when  the 
current  has  reached  3  amperes  the  rate  of  increase  is  not  so 
great,  and  it  ultimately  tends  towards  a  small  constant  rate  of 
increase. 

The  curves  given  in  Diagram  II.  express  the  horse-power 
absorbed  in  driving  the  armature  (on  open  circuit)  through  the 
variable  magnetic  field  as  a  function  of  the  exciting  current 
This  method  of  representation  is  purely  arbitrary,  though  con- 
venient when  it  is  simply  desired  to  ascertain  the  alteration  in 
the  power  absorbed  for  a  given  change  in  the  exciting  current. 

The  power  required  to  drive  the  armature  on  open  circuit 
through  a  magnetic  field  clearly  will  not  depend  on  the  value  of 
the  exciting  current,  but  on  the  number  of  lines  of  force  which 
the  given  excitation  can  force  through  the  magnetic  circuit  of 
the  machine.  Those  lines  of  force  only  which  pass  through  the 
armature  produce  any  useful  e£fect.  Consequently,  if  it  is  desired 
to  ascertain  the  rate  at  which  the  lost  power  increases  with  the 
useful  induction,  the   curves  given   in  Diagram  II.  should  be 


1889.] 


EXHIBITION,  MELBOUKNE,  1888  awd  1889. 


789 


expressed  as  a  function  of  the  total  indaction  through  the 
armature. 

The  curves  in  Diagram  I.  may  be  taken  as  curves  of  induc- 
tion through  the  armature,  expressed  as  a  function  of  the  exciting 
current. 

The  curve  of  induction  through  the  armature  of  dynamo 
No.  460  is  shown  in  the  diagram  (Fig.  3),  and  is  marked  No.  460A« 
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Fig.  8. 
The  ordinates  of  curve  No.  460B  represent  the  power  required 
to  drive  the   armature  (on  open   circuit)  where  the   induction 
through  it  is  proportional  to  the  abscissa. 

A  similar  curve  from  dynamo  No.  462,  in  which  the  power 
wasted  is  also  expressed  as  a  function  of  the  induction  through 
the  armature,  is  added  for  the  sake  of  comparison.  The  same 
peculiarities  which  have  been  already  noticed  are  now  shown  in  a 
more  marked  degree.  Curve  460B  tends  towards  a  constant  ratio 
between  the  waste  power  and  induction  through  the  armature. 
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In  dynamo  No.  462  the  waste  power  increases  enormously,  with 
high  values  of  induction  through  the  armature. 

The  distribution  of  energy  supplied  to  three  of  the  machines 
is  tabulated  on  Table  D. 

The  figures  given  in  column  3  are  taken  from  the  ordinates 
corresponding  to  the  given  current  on  Diagram  II.  They  do  not 
necessarily  represent  the  true  value  of  the  loss  when  a  current  is 
taken  from  the  armature.  The  figures  given  in  the  other 
columns  are  the  result  of  direct  measurements  while  the  machines 
were  actually  at  work. 

The  data  for  the  curves  in  Diagram  II.  were  taken  before  the 
machines  were  started  on  their  respective  circuits ;  they  would 
therefore  be  comparatively  cool.  For  this  reason  the  distribution 
of  the  power  absorbed  by  the  machines  when  cold  was  selected,  so 
that  the  values  from  Diagram  II.  would  be  taken  as  nearly  as 
possible  under  the  same  conditions. 

It  will  be  seen  that  the  difiference  between  the  measured 
total  and  the  sum  of  the  energy  absorbed  in  the  circuit  and 
various  parts  of  the  machine  is  very  considerable,  especially  so  in 
the  case  of  dynamo  No.  460.  In  all  three  cases  the  power 
absorbed  at  the  pulley  is  greater  than  that  which  can  be  accounted 
for. 

Probably  this  difference  is  due  to  an  increase  in  the  power 
absorbed  by  useless  induction  when  a  current  is  taken  from  the 
armature. 

In  Table  E  a  few  approximate  data  are  given  with  reference 
to  the  general  condition  of  the  magnetic  circuit  of  these 
machines. 

The  values  given  were  obtained  with  the  armature  running 
at  the  normal  speed  of  930  revolutions  per  minute  on  open 
circuit,  the  field  magnets  being  separately  excited.  In  columns 
9  and  10  respectively  the  total  induction  through  the  arma- 
tures, and  corresponding  values  of  B,  are  given.  These  and  the 
dimensions  constitute  the  only  useful  data.  In  columns  5  and  6 
the  corresponding  values  of  B  and  fi  for  the  field  cores  are  given, 
assuming  no  leakage  to  exist.    This,  of  course,  is  not  the  case. 

VOL.  xvm.  51  "  ^  ' 
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The  figures  simply  indicate  a  low  useful  value  of  B  in  the  field 
cores. 

When  the  machines  are  generating  a  current  all  the  values 
given  will  be  altered.  The  actual  value  of  B  for  the  armature  of 
dynamo  No.  460  would  be  23,028  when  the  machine  is  giving  a 
mean  current  of  10*1  amperes.* 

The  eflFect  of  the  fluctuations  in  the  current  given  by  the 
machines  was  observed  by  carefully  measuring  the  current  given 
by  the  machine  and  the  potential  difference  at  the  terminals  of 
the  field  coils  ;  immediately  afterwards  the  resistance  of  the  field 
coils  was  taken. 

The  product  of  the  measured  resistance  and  current  gives  the 
potential  difference  requisite  to  maintain  a  steady  current  of  the 
given  value  through  the  field  coils.  Subtracting  this  quantity 
from  the  potential  difference  actually  measured,  the  remainder 
represents  the  mean  E.M.F.  due  to,self-induction. 

Dynamo  No.  460,  hot. 

(1)      Measured  P.D.  =  144-04  volts. 

C  =   11'09  amperes,  R  =  8-2  w  .".  C  R  =    91-00    „ 


Difference 

... 

•  •• 

53 

(2) 

... 

•  •• 

•  •• 

...     Measured  P.D. 

= 

139-0 

C  = 

9-82 

amperes, 

R  =  8-2  fi)  . 
Difference 

.  CR 

•  •• 

•  f 

80-5 

58-5 

Dyi 

aamo 

No. 

460, 

cold. 

(1)      Measured  P.D.  =    140-5  volts. 

C  =   11-33  amperes,  R  =  7-06  w  .-.  C  R  =      80*0    „ 

Difference 60-5    „ 

(2)      Measured  P.D.  =  138-27    „ 

C  =   10-85  amperes,  R  =  7-06  a>  .-.  C  R  =      76-6    „ 

Difference 61-67    „ 

*  r  Armature  EM.  F.  -  terminal  P.D.  +  C  R  +  back  E.M.F.  in  field  coil«| 
-|  -  1,220  -r     126-25     +  57-2;      qqq[^    ' 

(  Total  -  l,«)3-46  volts.  ^       ) 
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.  From  these  data  it  appears  that  the  current  fluctuates  about 
1*5  per  cent,  on  either  side  of  the  mean,  or  a  total  fluctuation  of 
3  per  cent. 

If  the  current  were  steady  the  gain  in  the  field  coils  only 
would  enable  the  machine  to  feed  one  extra  lamp  with  the  same 
armature  speed ;  but  the  eflSciency  of  the  machine  would  not  be 
much  afifected. 

Of  the  Victoria  Brush  dynamos  (No.  E2  used  for  incandescence 
lighting)  only  four  were  tested  to  ascertain  their  commercial 
eflSciency. 

Much  more  complete  details  of  the  behaviour  of  this  class  of 
machine  are  given  in  the  various  journals  than  can  be  found  of 
the  Brush  arc  dynamo.  For  this  reason  it  was  not  considered 
worth  while  to  multiply  tests  of  the  Victoria  Brush  machines. 

The  method  of  testing  was  exactly  similar  to  that  used  for 
the  arc  machines,  excepting  that  both  pistons  in  the  dynamometer 
pulley  were  used,  whereas  in  testing  the  arc  machines  only  one 
piston  was  required. 

Victoria  Dynamos,  Hot. 


No.  of 
Machine. 

Current  in 
amperes. 

P.D.  at  Ter- 
minals, in  volts. 

EC 
746 

H.P.  absorbed 
at  PoUey. 

Commercial 
Efficiency. 

Per  cent. 

1823     

192-96 

108-49 

26-06 

38-28 

77-34 

1822     

236-66 

106-85 

33-89 

41-82 

81-03 

1587     

90-013 

97-66 

11-78 

17-71 

66-52 

1825     

246-2 

110-6 

36-5 

42-33 

86-2 

The  very  small  current  taken  from  dynamo  No.  1587  will 
account  for  the  low  eflSciency  shown,  as  the  losses  are  almost 
independent  of  the  output. 

As  a  whole,  the  eflSciency  of  these  machines  is  less  than  was 
expected. 

To  conclude.  More  complete  tests,  to  ascertain  the  magnitude 
of  the  various  losses  which  take  place  in  the  machines ;  the  values 
of  H,  B,  and  /x,  for  both  fields  and  armatures ;  the  exact  magni- 
tude and  form  of  the  fluctuations  in  the  current  from  the  arc 
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machines,  and  its    effect  in  lessening   the    output    from   Jthe 
machines,  are  much  to  be  desired. 

It  would  also  have  been  instructive  to  have  made  a  long 
series  of  tests  obtaining  datd  from  which  curves  similar  to  those 
given  in  Diagrams  II.  and  III.  might  be  drawn,  so  ascertaining 
practically  the  law  in  accordance  with  which  the  power  uselessly 
absorbed  varies. 

The  very  considerable  differences  in  the  efficiency  of  the 
various  dynamos,  working  as  nearly  as  possible  under  the  same 
external  conditions,  and  having  to  all  appearance  similar  arma- 
tures, is  apparent,  and  the  question  is.  To  what  are  these  differences 
due? 

It  would  seem  that  they  must  be  caused  by  differences  in 
construction,  by  which  the  deleterious  reactions  in  the  machines 
are  altered ;  but  if  the  tests  which  I  have  recorded  in  this  paper 
could  have  been  extended,  and  made  under  various  conditions, 
some  light  would  probably  have  been  thrown  on  the  point. 
The  close  agreement  of  the  curves  in  Diagram  I.,  and  the 
great  dissimilarity  of  those  in  Diagram  II.,  seem  to  indicate  dif- 
ferences in  the  quality  or  arrangement  of  the  iron  forming  the 
armature  cores. 

There  were  no  spare  machines  at  the  Exhibition,  the  whole 
number  obtainable  being  in  constant  use ;  hence  the  tests  made 
had  to  be  confined  to  the  shortest  possible  time,  so  that  the 
lighting  of  the  building  should  not  be  interfered  with.  This  is 
the  reason  why  farther  tests  were  not  made,  and  also  for  the 
meagre  and  somewhat  unsatisfactory  nature  of  many  of  the  data 
Ifiven. 

Such  as  it  is,  however,  I  submit  this  paper  to  the  members  of 
the  Institution  of  Electrical  Engineers  with  the  hope  that  there 
may  be  something  in  it  which  will  draw  forth  remarks  from 
some  of  them  whose  great  experience  makes  anything  they  say 
valuable. 

At  the  Spencer  Street  Eailway  Station,  Melbourne,  I  have 
had  for  some  years  a  small  installation  of  about  60  Brush  arc 
lamps  at  work  lighting  the  station  yard,  and  I  am  now  arranging 
for  a  central  lighting  station  from  which  about  800  arc  and  4,000 
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to  5,000  incandescent  lamps  will  be  lighted.    Thirty  of  the  Brush 

arc  dynamos  used  at  the  Exhibition  have  been  purchased  and 

will  be  utilised,  most  of  them  being  fitted  with  new  armatures, 

which  I  will  have  made  upon  lines  that  I  hope,  and  believe,  will 

prove  satisfactory.     At  any  rate,  I  will  avoid  the  evident  errors  in 

construction  of  the  armatures  sent  out  from  England  with  these 

machines. 

If  considered  of  suflScient  interest,  I  will  be  glad  at  some 

future   time   to  give  the  result  of  the  work  done,  and  also 

the  details  of  some  experiments  made  with  a  view  to  test  the 

propriety  of  laminating  the  field-magnet  cores  as  well   as   the 

armatures. 

Tblsoraph  Ekoinebb's  Office, 

Melboueke,  30M  JprxU  1889. 

The  Chairman  :  Is  Mr.  Mordey  here  ? 

Mr.  W.  M.  Mordey  :  First  I  must  congratulate  the  author  ^-  Mordey. 
of  this  paper  on  the  great  care  that  he  has  taken  to  investigate 
a  matter  that  perhaps  has  not  been  carefully  studied  before  out 
of  the  works  of  the  manufacturers.  There  are  one  or  two  Uttle 
temporary  faults  alluded  to— faults  discovered  by  us  as  soon  as  by 
Mr.  Murray,  and  remedied  before  we  knew  that  they  had  been 
discovered  in  Australia.  The  throwing  out  of  small  pieces  of  the 
Facinotti  projections  of  the  Brush  armatures  was  a  fault  that  did 
not  occur  for  a  considerable  time  in  the  machines  that  we  made, 
and  was  one  that  might  easily  escape  the  attention  of  the  manu- 
facturers, but  we  took  steps  as  soon  as  we  found  it  out  to  remedy 
it.  The  actual  number  of  pieces  thrown  out  was  quite  small ; 
there  were  many  thousands  in  the  machines,  and  only  two  or 
three  dozen  were  thrown  out,  so  that  perhaps  Mr.  Murray  has 
dwelt  with  unnecessary  emphasis  on  this  really  unimportant 
matter. 

I  am  sure  I  need  not  say  anything  more  about  this  cause  of 
complaint  Mr.  Murray  alludes  to.  Probably  most  of  us  know 
that  the  same  class  of  machines  exactly  were  used  at  the  Colonial 
Exhibition  for  two  or  three  hundred  lamps,  at  Manchester  for 
five  or  six  hundred  lamps,  at  Glasgow  for  five  or  six  hundre|l- 
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Mr.  Moidey.  lamps ;  and  they  ran  practically  without  any  trouble  at  all.  I 
think  at  the  Colonial  Exhibition  we  had  some  of  these  machines 
running  under  a  very  heavy  penalty  clause — ^viz.,  a  fine  of  Id.  for 
every  minute  for  every  lamp  that  was  out ;  and  out  of  a  possible 
exceeding  2,000,000  pennies  which  we  might  have  been  fined, 
we  were  fined  35s.  only,  and  I  believe  the  fines  were  strictly 
enforced. 

The  paper  is  a  very  useful  one,  but  its  usefulness  might  hare 
been  still  greater  if  it  had  covered  wider  ground.  It  scarcely  fulfils 
the  promise  of  its  title,  for  it  only  really  deals  with  one  or  two 
matters  in  connection  with  the  lighting  of  the  Exhibition.  The 
great  amount  of  information  which  Mr.  Murray  doubtless  possesses 
as  to  the  fuel  consumption,  the  eflSciency  of  the  engines,  the  cost  of 
labour,  and  so  on,  in  connection  with  running  a  large  installation 
of  that  sort,  would,  I  am  sure,  be  very  useful  to  many  members  of 
this  Institution ;  it  is  not  often  that  an  opportunity  occurs  of 
running  an  installation  of  a  thousand  arc  lamps  for  a  sufficient 
time  to  get  the  necessary  figures  as  to  cost. 

Then  there  was  an  alternating-current  plant  in  use  there,  ire 
are  told,  but  nothing  more  is  said  about  it :  many  of  us  would 
like  to  have  had  some  useful  information  about  that. 

There  are  a  good  many  facts,  tests,  and  particulars  given  in 
the  paper  which,  I  think,  are  possibly  not  of  general  interest ;  but 
an  old  question  is  raised  nearly  at  the  end  of  the  paper, 
where  something  is  said  about  the  discontinuity  of  the  current 
from  the  Brush  machine.  That  question  has  often  come  up 
before  this  Institution.  I  remember — in  1882  I  think  it  was— 
Professors  Ayrton  and  Perry  described  what  they  called  a  **  discon- 
"tinuity  meter,'*  the  object  of  which  was  to  find  out  how  discon- 
tinuous was  the  current  from  any  dynamo.  That  discontinuity 
meter  consisted  of  a  sort  of  RuhmkorflF  induction  coil,  with  two 
windings,  one  of  which  was  to  be  in  circuit  with  the  machine,  and 
the  other  was  connected  to  some  instrument.  When  Professors 
Ayrton  and  Perry  described  that  apparatus  I  made  some  sinular 
tests,  and  I  referred  to  thein  before  this  Society  at  the  time.  I 
took  the  field  magnet  of  a  machine  that  happened  to  be  wound 
with  two  wires,  and  put  one  winding  in  a  Brush  arc  light  circuit, 
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and  put  a  Siemens   dynamometer  in  the  other  winding,  but  I  Mr.  MonS^« 
could  not  get  any  result  :  the  Siemens  dynamometer  did  not 
take  any  notice  of  it.    I  even  put  the  two  wires  to  my  mouth, 
and  could  not  feel  anything  at  all,  so  I  came  to  the  conclusion 
that  the  current  was  not  very  discontinuous. 

Professor  W.  E.  Ayrton  :  Was  there  an  iron  core  in  that  ? 

Mr.  W.  M.  MoBDEY  2  An  iron  core  ?    Yes. 

Professor  W.  E.  Aykton  :  That  makes  the  difference. 

Mr.  W.  M.  MoRDEY :  Had  Professor  Ayrton  no  iron  core  ? 

Professor  W.  E.  Aykton  :  No. 

Mr.  W.  M.  MoRDEY :  I  had  one.  It  was  an  open  magnetic 
circuit  transformer.  I  always  use  iron  cores  in  transformers, 
because  I  get  a  better  eflfect  in  that  way. 

In  1887, 1  made  another  test  with  the  same  object,  but  I 
made  it  in  rather  a  different  way.  I  took  the  armature  of  a 
Victoria  dynamo  and  sent  the  current  of  a  Brush  dynamo  through 
it,  and  took  the  difference  of  potential.  Then  I  sent  the  same 
current  through  it  from  an  accumulator,  and  again  took  the 
difference  of  potential,,  and  got  but  a  very  small  difference ;  in 
fact,  the  coil  seemed  to  require  a  higher  difference  of  potential 
with  the  accumulator — ^a  difference  of  0*5  per  cent. — ^but  that  was, 
no  doubt,  an  error  in  reading.  We  made  another  test  with  trans- 
formers quite  recently,  and,  in  fact,  since  I  have  seen  the  proof 
of  this  paper,  that  seems  to  me  to  settle  the  point,  by  taking 
half  a  dozen  transformers,  each  made  to  transform  from  2,000  volts 
to  100  volts,  and  putting  all  the  100- volt  coils  in  series  and  all 
the  2,000-volt  coils  in  series*  I  sent  the  current  from  a  Brush 
dynamo  through  all  the  low-tension  coils,  and  then,  with  a 
Cardew  voltmeter,  attempted  to  take  the  difference  of  potential  of 
the  secondary  or  fine-wire  coils ;  but  the  Cardew  voltmeter  showed 
nothing  at  all,  although  an  equal  alternating  current  would  have 
given  more  than  50,000  volts.  With  the  wet  hands  against  the 
terminals  of  the  whole  series  no  shock  whatever  could  be  felt. 
That  was  a  transformer  with  an  iron  core — a  laminated  iron  core. 
Perhaps  Professor  Ayrton  will  say  that  is  the  reason  why  it  did 
not  act  as  a  discontinuity  meter,  but  it  showed  zero  discontinuity. 

With  very  small  machines  I  think  the  discontin^ity^maj^.be 
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Mr.  Moidey.  noticeable :  it  will  be  greater  than  with  a  large  machine  running 
over  a  long  circuit,  I  have  entirely  failed  to  find  auy  sign  of 
discontinuity ;  but  I  do  not  think  this  discontinuity,  even  if  it 
existed,  would  be  such  a  very  bad  thing.  It  simply  means,  if 
Mr.  Murray  is  right  as  to  the  effect  amounting  to  3  per  cent., 
that  an  alternating  current  of  0*3  ampere  is  laid  on  the  Brush 
current ;  and  some  of  us  think  that  an  alternating  current  is  not 
uch  a  very  dreadful  thing  after  all. 

At  page  742,  where  Mr.  Murray  refers  to  the  discontinuity  of  the 
current,  there  is  one  point  as  to  the  method  of  measurement  to 
which  I  wish  to  draw  attention.  "  The  eflfect  of  the  fluctuations  in 
"  the  current  given  by  the  machines,"  we  are  told,  "  was  observed 
"  by  carefully  measuring  the  current  given  by  the  machine  and  the 
"  potential  difference  at  the  terminals  of  the  field  coils ;  immediately 
"  afterwards  the  resistance  of  the  field  coils  was  taken. "  Then  we 
have  figures  given  of  the  tests.  The  product  (  C  x  R)  was  9 1 ,  and  the 
measured  potential  difference  was  144  in  one  case ;  and  about  in  the 
same  order  all  the  way  through.  Then  Mr.  Murray  says :  "  From 
"  these  data  it  appears  that  the  current  fluctuates  about  1*5 
"  per  cent,  on  either  side  of  the  mean,  or  a  total  fluctuation  of  3 
"  per  cent."  I  do  not  quite  see  how  that  value  1*5  is  arrived  at, 
but,  in  any  case,  I  would  like  to  say  that  that  method  certainly 
cannot  be  taken  as  accurately  or  necessarily  giving  the  discon- 
tinuity of  the  current  at  all.  Suppose,  for  instance,  we  had  an 
absolutely  smooth  current  sent  through  the  field  magnet  of  the 
machine.  If  the  armature  were  rotated,  the  effect  of  the 
Pacinotti  projections  would  be  to  make  the  fields  a  sort  of 
alternating-current  generator,  and  they  would  tend  to  raise 
the  potential  difference  slightly  at  the  field  terminals. 
Assume,  in  this  supposed  case,  that  the  steady  electro-motive 
force  propelling  the  current  is  such  that  the  current  is  actually 
absolutely  steady :  still  the  difference  of  potential  at  the  terminals 
of  the  field  would  be  greater  than  that  due  to  the  ohmic  resist- 
ance to  the  current  flowing  through  it.  I  do  not  know  whether  I  am 
followed  in  this,  but  I  wish  to  point  out  that  the  method  employed 
does  not  necessarily  give  any  measure  of  the  uu  steadiness  of  the 
current ;  it  may  give  something — it  may  give  some  indication  of 
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an  unsteadiness  of  the  magnetic  field — but  it  does  not  give  the  Mr.  Moidey. 
unsteadiness  of  the  current  in  the  main  circuit. 

The  Victoria  machines  are  alluded  to,  and  some  tests  were 
made  which  gave  efficiencies  varying  from  77  to  86.  Well, 
Mr.  Murray  says  the  efficiency  of  these  machines  is  less  than  was 
expected.  I  think  probably  the  efficiency  was  rather  higher  than 
appears.  You,  Sir  [referring  to  the  Ghairman]^  have  made  tests 
of  similar  machines,  and,  I  think,  have  obtained  a  higher  result 
than  that.  But  the  efficiency  of  a  machine  ought  to  be  taken,  of 
course,  at  the  full  load.  In  this  case  the  highest  result  was  got 
with  the  largest  load,  but  the  machines  were  capable  of  running 
a  good  deal  higher.  They  were  sent  out  capable  of  working 
really  actually  higher  than  what  was  supposed  to  be  the  normal 
output.  I  have  here  a  private  letter  from  Mr.  Fletcher,  the 
engineer  who,  under  Mr.  Murray,  carried  out  the  actual  work, 
and  I  will  just  quote  his  words  as  a  proof  of  the  efficiency  of  the 
machines.  He  says:  **The  Victoria  machines  worked  very 
"  nicely,  and  were  all  that  could  be  desired.  I  had  one  of  them 
'*  working  for  about  two  months  with  30  per  cent,  above  what  is 
'*  supposed  to  be  its  normal  output :  it  ran  very  nicely,  and  only 
**  a  little  warmer  than  the  others."  I  do  not  wish  to  question 
the  accuracy  of  the  test,  which,  of  course,  rests  upon  the  accuracy 
of  the  dynamometer ;  but  I  think  that  possibly  a  careful  examina- 
tion of  this  instrument  will  show  that  there  were  some  causes  of 
friction  that  did  not  appear,  except  as  reducing  the  apparent 
efficiency  of  the  machine. 

Professor  W.  E.  Ayrton  :  It  appears  to  me  that  if  through  ^^"^ 
the  primary  circuit  of  an  induction  coil  there  be  sent  a  strong 
steady  current  on  which  is  superimposed  a  comparatively  small 
intermittent  current,  the  latter  will  produce  but  a  small  eflfect 
in  inducing  a  current  in  the  secondary  circuit  if  the  induction  coil 
be  furnished  with  an  iron  core  the  magnetic  circuit  of  which  is 
closed.  In  other  words,  a  transformer  with  a  closed  magnetic 
circuit,  which  is  admirably  adapted  for  producing  a  secondary 
current  by  alt&matums  in  the  direction  of  the  primary  current, 
is  unsuitable  for  giving  a  secondary  current  by  simple  varia- 
ions  in  strength,  without  alteration  of  direction  of  the  primary 
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current.  And  this  was  the  explanation  I  gave  the  late  Comteda 
Moncel,  in  1878,  when  he  mentioned  to  me  that  lie  had  fomd 
that  completing  the  magnetic  circuit  of  an  ordinary  Buhmh^ 
coil  actually  diminished  the  eflfect  of  the  coil.  I  farther  pomted 
out  to  him  that  if  he  combined  with  his  closed  magnetk 
circuit  the  reversing  contact-maker  that  I  devised  for  Buhmkoif 
coils  when  in  India  in  1870,  he  would  obtain  far  larger  effecti 
than  were  usually  obtained  with  a  Euhmkorff  coil. 

Mr.  Mather,  who  made  the  experiments  for  Professor  Pern 
and  myself  in  1882  to  which  Mr.  Mordey  referred,  has  kindh 
looked  up  his  note-book,  and  he  informs  me  that  the  followiBf 
were  the  details  of  the  arrangement : — ^The  induction  coil,  or 
*' discontinuity  meter,"  had  in  its  centre  a  bundle  of  aott-iim 
wires  7f  inches  long,  and  the  bundle  had  a  diameter  of  1  in^L 
On  this  were  coiled  some  10  or  12  layers  of  double-cotton- 
covered  No.  16  copper  wire,  bringing  the  diameter  to  3  inches; 
and  over  this  two  separate  layers  of  insulated  No.  10  copper  TOt 
their  ends  being  left  out  so  that  these  two  layers  could  either  if 
joined  in  series  or  parallel ;  the  diameter  of  the  finished  ctA 
being  3f  inches.  The  current  from  either  a  Brush  or  an  Edisao 
machine  was  sent  through  the  layers  of  No.  16  wire,  which  9dd 
as  the  primary  coil,  and  a  Siemens  dynamometer  was  put  in  tk 
secondary  circuit.  The  Brush  machine  had  eight  separate  coik 
on  its  armature,  and  the  Edison  machine  many  coils,  the  ezad 
number  not  being  recorded. 

The  following  results  were  obtained : — 

Brush  Machine. 


Revolutions 

per 

Minute. 

Primary 

Current,  in 

amperes. 

Total 

Resistance  in 

Secondaiy 

Circuit, 

in  ohms. 

Coil  of 
Dynamo- 
meter 
Employed. 

Seoondaiy 

Current, 

in  amperes. 
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10 
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Fine  wire 

2-08 
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11 
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There  is  no  record  of  what  kind  of  resistance  was  introduced 
into  the  primary  or  dynamo  circuit  to  bring  the  current  to  the 
given  value ;  but,  as  our  object  was  to  ascertain  whether  there 
^as  any  difference  between  the  constancy  of  the  currents  pro- 
duced by  a  Brush  and  an  Edison  machine,  and  not  whether  the 
difference,  if  any,  could  be  wiped  out,  it  is  most  probable  that 
the  resistance  employed  was  a  non-inductive  one. 

In  this  same  note-book  of  Mr.  Mather's  I  find  the  results  of 
a  long  series  of  experiments  that  we  made  at  that  time  on  the 
efficiency  of  a  Brush  machine  when  used  as  a  generator  and  as 
a  motor ;  and  as  these  experiments,  like  the  ones  given  above, 
have,  as  far  as  I  remember,  never  been  published,  it  may  be 
useful  to  give  here  a  short  extract  from  our  tests  of  the  Brush 
dynamo  when  used  as  a  generator,  in  order  that  a  comparison 
may  be  made  between  the  results  now  obtained  by  Mr.  Murray 
and  those  obtained  by  us  in  1882.  It  must  not,  however,  be 
forgotten  that  the  armature  of  the  Brush  machines  we  used  was 
made  of  malleable  cast  iron,  whereas  in  the  Brush  machines 
tested  recently  by  Mr.  Murray  the  armature  core  is  made  of  thin 
soft  iron  ribbon. 

The  transmission  dynamometer  employed  was  the  one  devised 
by  U8,  and  which  is  described  in  the  Journal  of  the  Society  of 
Tdegraph  Enffineers  in  1881. 
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September  \5th^  1882. 
Brush  Dynamo  as  Generator. 


Revolutionfl 
per  Minute. 

Current  in 
amperes. 

P.D.  in  volts. 

Horse-Power 
Developed. 

Horee-Power 
given  to  Dynuno 

Efficiency 
percent. 

722 
708 
711 
729 
708 

11-3 
111 
11-3 
11-3 
11-5 

238-3 
23i'7 
227-5 
234-r 
231-1 

8-61 
3-49 
3-45 
3-56 
3-56 

6-37 
474 

4-98 
5-07 
5-24 

67 
73 
69 
7*? 

70        J 

[Note. — Ai\Av  a  reference  to  his  notes,  Professor  Ajrton  has  amended  his 
original  remarks,  and  made  some  valuable  additions  thereto. — ^Ed.] 

Mr.  J.  S.  Ea WORTH :  I  did  not  intend  to  rise  at  present.  Sir, 
as  I  thought  it  would  be  rather  an  unfortunate  circumstance  if 
the  criticism  on  this  paper  fell  entirely  into  the  hands  of  repre- 
sentatives of  the  Brush  Company.  It  is  not  well  for  scientific 
subjects  to  be  treated  from  a  trade  point  of  view ;  and  although 
we  are  ready  enough  to  sell  the  Brush  machines,  and  to  convince 
everybody  that  they  are  good  ones,  I  do  not  think  this  Institution 
would  be  satisfied  if  we  were  to  speak  of  the  subject  of  this  paper 
without  regard  to  scientific  considerations.  I  think  many  of  us 
owe  a  great  deal  to  Mr.  Murray  for  bringing  this  subject  before 
the  Institution.  There  is  no  machine,  I  think,  at  present  before 
the  public  which  has  been  so  largely  illustrated,  or  generally 
described,  and,  perhaps,  so  little  understood,  as  the  Brush 
machine.  Very  few  people  have  had  information  as  to  what  its 
eflSciency  was, — what  its  capabilities  were, — excepting  that  it 
burned  a  considerable  number  of  arc  lamps  in  series,  and  that  it 
took  very  little  notice  whatever  of  distance.  I  think  Mr.  Mordey 
boasts  that,  with  an  ordinary  No.  8L  Brush  dynamo,  he  could 
maintain  an  arc  lamp  burning  in  York  Station  from  our 
works  at  Lambeth;  and  I  think  that  another  calculation  is 
that  a  No.  8L  machine  will  work  40  lamps  in  series,  placed 
at  intervals  of  one  mile,  on  something  like  a  7/14  wire.  The 
scientific  points  which  are  raised  in  this  paper  are  such  that 
we  cannot  very  well  discuss  them  except  generally. 

What  strikes  me  as  being  most  peculiar  is  that  the  tests  of 
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the  various  machines  diflfered  very  considerably  indeed — so  much  Mr. 
so  that  I  think  Mr.  Murray  himself  was  astonished  with  the 
results  he  got.  All  that  I  can  say  is  that  the  tests  we  have  been 
in  the  habit  of  making  at  the  Brush  Company's  works  have  been 
so  unifonnly  regular,  there  having  been  scarcely  ever  more  than 
a  half  or  one  per  cent,  diflference,  that  finally  we  ceased  to  make 
them.  We  now  make  the  two  tests  that  are  necessary  for  the 
manufacture — that  is,  the  insulation  test  and  the  general  output 
test :  the  eflBciency  tests  have  been  made  so  often  and  with  such 
close  uniformity  that  we  have  ceased  to  repeat  them. 

With  practical  exhibition  work  I  have  had  a  considerable 
amount  of  experience — at  the  Colonial  Exhibition,  at  Manchester, 
and  at  the  Glasgow  Exhibition ;  and  although  there  were  one  or 
two  little  accidents  there,  they  were  clearly  traceable,  in  at  least 
two  cases,  to  leaky  roofs.  Anybody  who  has  had  electrical  work 
to  do  at  an  exhibition  knows  very  well  that  when  the  dynamos 
are  first  brought  into  the  shed  the  roof  is  generally  in  an  incom- 
plete state:  you  have  to  put  up  with  everything  that  comes 
through,  be  it  snow,  rain,  or  hail ;  and  you  are  very  clever  indeed 
if  you  can  prevent  some  portion  reaching  the  armatures  of  the 
dynamos.  The  Melbourne  dynamos— about  40  in  number — were 
made  in  about  three  months  from  the  date  of  order ;  they  were 
shipped  off  as  rapidly  as  possible,  had  a  long  sea  trip,  were  put  to 
work  in  the  Exhibition,  and  the  lighting  was  carried  out  satis- 
factorily— so  much  so  that  Mr.  Murray  has,  I  understand,  bought 
the  dynamos.  I  think,  therefore,  that  he  has  given  us  very  good 
testimonials;  and  I  have  no  doubt  he  will  become  a  constant 
customer. 

With  regard  to  the  Victoria  machine.  Mr.  Mordey  has  pretty 
fully  dealt  with  that  question,  and  I  reminded  him  when  I  read 
the  proof  of  this  paper  that  about  the  only  outside  test  we  have 
ever  had  of  our  dynamos  is  a  very  careful  one  that  you.  Sir,  made 
some  eight  months  or  a  year  ago,  when,  if  I  remember  correctly, 
you  put  the  efficiency  at  something  over  90  per  cent. 

I  do  not  wish  to  take  up  any  more  of  the  time  of  this 
meeting,  as  I  think  there  are  many  members  here  who  may  like 
to  ask  questions  and  give  us  their  views ;  and  if  there  is  anything 
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Mr.  further  the  Brush  Company  can  add  in  the  way  of  explanation 

upon  any  general  questions,  I  shall  be  most  happy  to  reply.  Of 
course,  Mr.  Murray  is  not  here  to  explain  to  us  all  those  little 
details  one  would  like  to  know,  especially  about  the  dynamo- 
metric  pulley,  which  appears  to  me  to  be  the  crucial  point. 
Mr.  Mordey  remarked  this  morning,  and  I  think  very  truly,  that 
Mr.  Murray's  method  of  taking  the  speed  was  somewhat  defec- 
tive :  he  took  it  by  a  form  of  continuous  recorder.  I  think  the 
better  plan  would  have  been  to  have  used  a  tachometer,  so  that 
the  exact  speed  might  have  been  taken  for  each  measurement 
made. 

I  notice  in  the  diagram  at  the  end  of  the  paper  giving 
the  full  record  of  speeds,  that  even  in  the  "fairly  steady* 
diagram  there  are  considerable  fluctuations,  and  I  take  it  that 
with  a  small  load  the  fluctuations  would  have  been  considerably 
more  than  are  shown  by  the  experimental  records.* 
ProfesBor  Professor  W.  E.  Ayrton,  F.R.S. :  In  view  of  the  very  valuable 

services  that  Brush  machines  have  rendered  to  electric  lighting, 
might  I  be  allowed  to  say  one  word  more  to  assure  Mr.  Baworth 
and  Mr.  Mordey  that  I  was  not  finding  fault  with  the  Brush 
machines  ?    I  only  spoke  as  to  a  matter  of  fact  regarding  the 
measurement  of  the  discontinuity,  and  I  did  not  express  any 
opinion  as  to  the  advantage  or  disadvantage  of  this  discontinuity. 
May  I  suggest  a  reason  for  suspecting  that  the  accuracy  of 
Mr.  Murray's  tests  are  not  as  great  as  the  figures  in  his  paper 
would  entitle  one  to  imagine  ?    No  one  is  less  likely  than  myself 
to  find  fault  with  praise  of  Ayrton  and. Perry  ammeters  and 
voltmeters ;  but  when  a  person  says  that  an  Ayrton  and  Perry 
spring  ammeter  is  correct  to  'Ol  per  cent. — ^that  is,  1  in  10,000 — ^it 
shows  that  the  experimenter  must  possess  a  microscopic  power  of 
reading  the  ammeter  that  I  do  not  understand  at  all,  and  it 
shows  an  amount  of  accuracy  in  a  commercial  instrument  which 
is  equally  surprising.    You  must  remember  that  the  scale  of  such 
an  instrument  is  about  5  or  6  inches  long,  and  to  read  to  a 
ten-thousandth  part  of  the  deflection  when  the  actual  deflection 

*  Some  farther  observations  contributed  by  Mr.  Rawortli  will  J>e  foond  on 
—  p.  767.— Ed.  ^ 
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is  perhaps  only  3  inches  means  reading  that  deflection  with  a  professor 
microscope ;  and  you  know  you  do  not  supply  with  a  £4  or  £5 
electric  meter  a  £20  microscope  to  read  its  scale  with. 

Professor  S.  P.  Thompson  :  One  really  ought  to  make  a  very  JhSfm  *wa 
clear,  fine  distinction  between  machines  for  arc  lighting  and 
machines  for  incandescent  lighting  in  judging  of  their  merits. 
They  are  designed  upon  diflferent  lines ;  they  necessarily  have  a 
different  commercial  efficiency,  because  the  degree  of  saturation 
is  different.  As  arc  lighting  machines  are  made  at  the  present 
time — because  they  are  designed  with  drooping  characteristic 
curves — they  cannot  possibly  show  under  test  as  high  an  efficiency 
as  machines  made  as  incandescent  lighting  machines  are  made  at 
the  present  time.  I  am  leaving  alternating-current  machines 
entirely  out  of  comparison,  and  am  dealing  only  with  continuous- 
current  machines  of  the  two  kinds.  The  existing  arc  lighting 
machines  are,  for  the  most  part,  of  two  types,  one  of  which  has  a 
very  small  number  of  sections  on  the  armature,  and  with,  con- 
sequently, a  very  small  number  of  parts  in  the  commutator.  The 
necessary  consequence  of  that  will  be  that  the  electro-motive  force 
generated  in  the  revolving  armature,  assuming  the  magnetic 
field  to  be  constant,  will  necessarily  have  very  considerable 
fluctuations ;  but  it  does  not  at  all  follow  that  the  current  which 
results  will  fluctuate  in  the  same  degree  as  the  electro-motive 
force  fluctuates ;  for  everything  that  there  is  in  the  circuit  that 
possesses  self-induction — any  coil,  especially  any  coil  with  an  iron 
core,  most  of  all  such  large  coils  as  one  gets  in  the  series  windings 
on  the  field  magnets  themselves — everything  of  that  sort  in  the 
circuit  tends  to  steady  the  current.  The  fluctuations  of  the 
current  are  necessarily,  therefore,  very  much  less  in  percentage 
value  than  the  fluctuations  of  the  electro-motive  force.  I  do  not 
doubt  for  a  moment  that  Professor  Ayrton  six  years  ago  got  a 
very  considerable  discontinuity  in  the  particular  current  that  he 
measured,  but  I  doubt  whether  he  was  measuring  exactly  under 
the  circumstances  that  would  be  fairly  representative  of  the 
current  in  an  arc  lighting  system.  I  do  not  know  whether  the 
cmrent  was  running  through  a  series  of  arc  lamps  every  one  of 
which  had  an  electro-magnet  in  it,  and  running  round  the  fielcB^^ 
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Profeawr     magnets  of  the  machine,  which  would  greatly  steady  the  current. 

Thwnpson. 

And  whether  the  arc  lamps  were  many  or  few,  Professor  Ayrton 
does  not  say.  I  am  in  the  habit  every  day  of  using  a  small  Brosti 
machine  which  lights  only  one  arc  lamp.  I  sometimes  light  an 
arc  lamp,  which  is  on  my  lecture  table  for  projection  purposes, 
from  this  Brush  machine,  sometimes  from  other  dynamos 
which  are  intended  for  incandescent  work;  and  I  always  know 
when  the  Brush  machine  is  on,  because  I  hear  a  humming: 
there  is  sufficient  fluctuation  to  produce  a  humming  sound. 
But  if  I  had  half  a  dozen  arc  lamps,  or  50  lamps  in  the  circuit, 
fed  by  a  larger  machine  with  more  massive  field  magnets,  1 
certainly  should  be  very  much  surprised  if  I  heard  the  same 
humming.  I  do  not  think  that  the  current  from  the  large 
Brush  machines  has  anything  like  the  amount  of  fluctuation— 
I  cannot  call  it  discontinuity — that  the  current  from  the  small 
Brush  machine  has.  The  machines  made  on  the  Thomson- 
Houston  plan  ought  to  show  more  fluctuation  than  the  machines 
made  on  the  Brush  plan,  because  they  have  fewer  portions  in  the 
commutator  and  fewer  sections  on  the  armature.  But  in  the 
case  of  the  Thomson-Houston  currents  I  have  never  heard  of  any 
complaint  of  want  of  continuity,  or  of  amount  of  fluctuation, 
because  the  field -magnet  coils  of  these  machines  possess  an 
unusual  amount  of  self-induction.  But  this  I  know  to  be  the 
case  in  the  Thomson-Houston  machines  :  if  you  separately  excite 
the  field  magnets,  and  try  to  work,  say,  40  or  50  arc  lamps  so  that 
the  current  goes  through  nothing  but  the  armature  and  the  aw 
lamps,  that  machine  refuses  to  work.  It  requires  the  self- 
induction  of  the  field  magnets  to  be  thrown  into  the  main 
circuit  for  that  machine  to  do  its  duty.  I  should  not  be  surprised 
if  something  of  the  same  kind  occurred  with  the  Brush  machine. 
I  should  not  be  astonished  if  it  showed  more  fluctuation  than 
under  ordinary  circumstances. 

Is  there  not  some  mistake  in  the  relative  values  of  the 
magnetism  and  the  permeability  ?  I  am  very  much  surprised  to 
find  there  is  any  kind  of  iron  used  in  a  dynamo  which  only  gives 
4,800  lines  to  the  square  centimetre  when  the  magnetising  foroe 
is  122.    There  would  seem  to  be  a  mistake  of  10  time^;  that  is 
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to  say,  I  think  the  number  given  for  H  is  10  times  too  great,  and  Professor 
the  permeability,  which  is  put  at  36,  is  10  times  too  small.  ompeon. 

Mr.  B.  L.  CouSENS :  There  are  one  or  two  remarks  I  should  Mr. 
like  to  make  upon  the  paper,  Mr.  Chairman. 

I  have  had  considerable  Colonial  experience  with  the  Brush 
machine ;  and  although  I  have  not  come  here  for  the  purpose  of 
praising  it,  I  can  say  that,  so  far  as  my  experience  has  gone,  it 
appears  to  me,  from  a  Colonial  point  of  view,  that  it  is  the  best 
high-tension  machine  in  the  market. 

There  are  one  or  two  points  which  I  do  not  quite  agree  with 
in  the  paper.  On  page  719  Jlr.  Murray  says  that  the  reason 
the  H  plates  of  the  armature  broke  oflF  was  from  the  continual 
bending  to  which  they  were  subjected  in  passing  through 
the  different  parts  of  the  magnetic  field  in  which  they  rotated, 
Por  several  years  past  I  have  had  under  my  supervision  Brush  arc 
machines  for  street  lighting,  the  armatures  of  which  were  in  1884 
replaced  by  the  laminated  thin-plate  type,  and  which  were,  I 
believe,  the  first  made  to  order. 

I  have  never  found  any  portion  of  these  fly  out,  and  in  my 
opinion  the  faulty  ones  alluded  to  by  Mr.  Murray  were  not  built 
up  sufficiently  strong,  and  the  plates  would  have  flown  out  if  the 
armature  was  simply  rotated,  with  no  magnetic  field  through  the 
same. 

The  insulation  of  the  armatures  was  certainly  insufficient,  and 
frequently  flames,  alluded  to  by  Mr.  Murray  as  "  electrical  fire- 
"  works,"  were  to  be  seen  issuing  from  them ;  but  this  was 
remedied  by  continually  improving  the  insulation  whenever  any 
of  the  machines  broke  down. 

With  regard  to  the  apparent  decrease  in  the  current  as  the 
evening  advances,  I  have  found  the  same  to  be  the  case,  the  precise 
reason  for  which  I  am  unable  to  give,  excepting  that  there  is  a 
greater  resistance  throughout  the  entire  circuit  from  rise  in  tem- 
perature. From  what  Mr.  Murray  states  to  be  the  reason — viz., 
the  lessening  action  of  the  fine  wire  in  the  differential  coils  of  the 
lamps,  and  therefore  the  increase  in  the  length  of  the  arc — he 
would  seem  to  imply  that  the  lamps  did  not  then  regulate  so  well. 

I  have  found,  on  the  other  hand,  that  the  lamps  seem  tx)  bxumle 
VOL.  XVIII.  52 
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Mr.  better  as  the  evening  advances,  and  even  two  or  three  lamps  can 

be  added  in  a  circuit  with,  say,  16  lamps  without  practically 
diminishing  the  light  emitted  from  these,  the  revolutions  of  the 
machine  being  kept  constant.  This  is  more  particularly  notice- 
able on  a  cold  evening  than  on  one  when  the  temperature  is  high. 
I  have  also  found  it  to  be  the  case  with  Brush  lamps  of  the  old 
form  of  winding,  the  shunt  resistance  of  which  is  considerable, 
viz.,  about  350  ohms.  This  being  so,  I  scarcely  think  that  the 
reason  given  by  Mr.  Murray  can  be  the  correct  one. 

With  regard  to  machines  of  other  types,  I  have  found  them 
to  give  far  more  trouble,  and  to  be  more  liable  to  be  damaged  by 
lightning,  than  the  Brush,  although  the  latter  has  been  by  no 
means  infallible.  Some  series  machines  for  arc  lighting  of  the 
drum  type,  with  Gramme  winding,  which  were  sent  out  for  arc 
lighting  purposes,  gave  an  exceeding  amount  of  trouble  from  the 
breaking  of  the  wires  round  the  commutator ;  and  when  these 
portions  were  thickened,  they  broke  within  the  coils  themselves. 
This  fault,  I  believe,  has  been  alluded  to  by  Professor  S.  P. 
Thompson  in  his  paper  on  "  Diseases  of  Dynamos,"  but  no  reason 
was  assigned  for  this,  nor  have  I  heard  of  any.* 

The  armatures  of  these  machines  were  replaced  by  others 
which  were  wound  with  stranded  wire  instead  of  solid,  which  to 
a  great  extent  remedied  the  defects. 
Mr.  Enon.  Mr.  W.  B.  EssoN :  Mr.  Chairman  and  gentlemen, — Though 
I  have  never  made  Brush  machines,  I  can  appreciate  thoroughly 
this  paper  of  Mr.  Murray,  which  is  exceedingly  useful  and  of 
very  great  service  to  us,  since  it  describes  the  results  actually 
obtained  from  an  installation  of  considerable  magnitude.  In  all 
there  are  about  900  arc  lamps,  and  2,000  incandescent  lamps,  the 
total  indicated  horse-power  being  about  1,500. 

There  are  several  anomalies,  however,  in  the  figures  which 

*  Since  the  meeting  of  the  Institation  I  hare  ooosiilted  with  others,  and  hare 
heard  different  opioionB  expresaed  aa  to  the  reason  of  this  fault  in  thia  type  of 
machine,  as  follows: — 

(1)  The  wires  break  from  air  resistance  when  the  armatare  is  rotated. 

(2)  From  straj  lines  of  force  leaking  from  pole  to  pole. 

(8)  From  the  shaft  spindle  being  to  a  certain  extent  flexible,  the  wires 
being  therefore  strained,  and  thus  frequently  breaking. — ^B.  L.^, 
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Mr.  Murray  gives.  For  instance,  in  Table  C,  the  efficiency  of  Mr.sgwn. 
the  machine  hot  is  compared  with  the  efficiency  of  the  machine 
cold ;  and  in  one  case  we  find  that  the  rise  daring  the  run  is  from 
70*37  per  cent,  when  it  is  cold  to  82*56  per  cent,  when  it  is  hot— 
a  very  great  jump.  We  are  quite  prepared  for  a  diflference  of 
efficiency  like  from  79*6  to  82,  or  from  77*8  to  81*9,  but  the 
extraordinary  difference  between  70*37  and  82*56  requires  some 
explanation. 

It  is  a  pity  that  when  Mr.  Murray  went  to  such  great  trouble 
in  taking  the  efficiency  of  these  several  dynamos,  he  did  not  go 
a  little  farther  and  give  us  simultaneous  readings  of  the  indicated 
horse-power  of  the  engines,  and  the  average  electrical  power 
appearing,  at  the  terminals  of  the  dynamos.  Of  course  it  would 
be  very  difficult — one  might  say  impossible-->to  measure  simul- 
taneously the  total  electrical  power  being  given  by  50  dynamos ; 
but  we  might  have  been  given  some  rough  idea  of  it,  and  we 
might  have  been  told  at  the  same  time  something  about  the  fuel 
consumption. 

Fortunately,  however,  electric  light  engineers  are  able  to 
state  pretty  definitely  the  ratio  between  the  electrical  horse- 
power given  at  the  terminals  of  their  dynamos  and  the  horse- 
power indicated  in  the  cylinders  of  their  engines.  In  the  present 
installation,  if  we  assume — and  the  assumption  is  rather  over  the 
mark  than  under — ^that  the  power  actually  delivered  from  the 
countershaft  pulleys  is  80  per  cent,  of  the  indicated  horse-power 
of  the  engines,  the  electrical  horse-power  furnished  by  the  Brush 
machines  comes  out  at  about  60  per  cent,  of  the  indicated  horse- 
power, while  for  the  Victoria  machines  it  comes  out  at  from 
67  to  68  per  cent.  Well,  from  actual  trials  which  we  have  made 
with  engines  driving  Phoenix  dynamos  through  countershafting, 
without  any  trimming  or  extra  precaution  to  ensure  the  best 
results,  we  have  found  that  we  get  from  the  terminals  of  our 
arc  machines  68  per  cent,  of  the  horse-power  developed  in  the 
cylinders  of  the  engine ;  while  with  our  incandescence  machines 
we  get  from  72  to  73  per  cent.  That  is,  driving  from  counter- 
ehafting.  Driving  with  the  dynamos  belted  directly  to  the  fly- 
wheels, we  should  get  a  considerably  better  result.    I  hope  M]^^^ 
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Mr.EeeoD.  Murray  will  give  ns  the  farther  results  which  he  promises  in 
the  last  paragraph  of  his  paper.  We  cannot  have  too  many 
reliable  figures  from  actual  working. 

With  reference  to  the  general  question  of  constructing  arc 
machines,  there  seems  to  be  an  impression  abroad  that 
such  machines  can  only  be  made  in  two  ways — ^that  is, 
according  to  the  Brush  or  Thomson-Houston  design.  There 
never  was  a  greater  mistake.  Speaking  from  experience,  I 
may  say  that  it  is  quite  easy  to  construct  arc  machines 
giving  from  1,000  to  1,500  volts,  having  ordinary  Granmie- 
wound  armatures  connected  up  to  Gramme  commutators  the 
bars  of  which  are  insulated  with  mica  in  the  usual  way.  If 
the  machines  are  properly  designed  there  is  not  the  slightest 
trouble  with  the  commutators,  and  past  failures  have  simply 
resulted  from  ignorance  of  the  proper  methods  of  construction. 
Professor  S.  P.  Thompson  has  just  said  that  in  consequence  of 
the  commutators  having  so  few  sections  in  the  Brush  and 
Thomson-Houston  machines,  these  are  necessarily  inefficient. 
Very  well ;  the  best  way  to  secure  efficiency  is  to  give  up  those 
machines  having  few  sections,  and  to  employ  only  Gramme-wound 
machines,  which  have  a  large  number  of  sections  and  a  high 
efficiency. 

Mr.  Kapp.  Mr.  GiSBERT  Ka.pp  :  Mr.  President  and  gentlemen, — ^I  shall 

not  follow  the  previous  speakers  in  their  attempts  to  show  what 
efficiency  can  be  obtained  with  different  machines.  We  all  know 
that  every  inventor  or  designer  of  dynamos  thinks  his  own 
particular  machines  the  best.  I  should,  however,  like  to  point 
out  that  the  efficiencies  given  in  the  paper,  apart  from  any 
interest  they  may  have  comparatively  with  that  of  other 
machines,  are  very  instructive  in  themselves.  In  Table  A  we  find 
for  the  solid-frame  machine  the  average  efficiency  of  five  tests, 
78'7  per  cent,  with  the  thin-plate  armature.  With  the  thick- 
plate  armature,  in  the  solid-frame  machine  the  efficiency  is  69*75 
per  cent.,  or  a  drop  of  9  per  cent.,  simply  due  to  the  fact  that  the 
armature  plates  are  50  instead  of  22  mils,  thick.  In  the  other 
(rail)  machine  we  have  a  similar  ratio — 77"43  to  69'84 — say  about 
8  per  cent.    Now  8  per  cent,  additional  in  efficiency  is  very  well 


1889.]  DISCUSSION.  761 

worth  having,  even  at  the  extra  cost  and  trouble  of  using  thin  mp.  Kapp. 
plates  for  the  armature  core.  Most  dynamo  makers  have  already, 
by  actual  experience,  come  to  the  conclusion  that  the  iron  in  the 
armature  cannot  be  laminated  too  much.  Most  makers  have 
begun  with  rather  thick  plates— about  16  to  the  inch — and  have 
gradually  come  down  to  something  like  40  to  the  inch.  There 
are,  however,  several  objections  to  the  use  of  thin  plates.  They 
are  not  only  more  expensive,  but  also  mechanically  weaker,  as  is 
shown  by  the  throwing  out  of  the  Pacinotti  projections ;  and  the 
amount  of  space  wasted  by  insulating  the  plates  is  greater. 

The  objection  of  expense  is  not  a  very  strong  one,  for  the 
cost  of  the  material  iti  the  armature  is  not  very  great  in  pro- 
portion to  the  cost  of  the  material  in  the  rest  of  the  machine ; 
and  to  make  up  against  this  slight  increase  of  cost,  there  is  the 
consideration  that  if  we  have  thin  plates  we  are  sure  of  getting 
good  iron,  because  bad  iron  cannot  be  rolled  very  thin.  The 
objection  as  *to  mechanical  weakness  I  am  glad  to  hear  Mr. 
Mordey  say  has  been  got  over,  but  he  has  not  told  us  how. 
Then  as  to  insulating  space,  this  can,  by  varnishing  the  plates,  be 
reduced  to  something  like  4  or  5  mils,  for  each  alternate,  or  say 
2i  mils,  for  each  plate ;  so  that  only  8  per  cent,  of  the  whole 
space  need  be  lost  by  insulation.  Lately  some  makers  have 
given  up  insulating  the  plates  altogether. 

Eegarding  the  question  of  the  fluctuation  of  current,  there 
seems  to  be  some  diversity  of  opinion.  Professor  Ayrton  says 
there  is  a  distinct  fluctuation ;  the  amount  of  it  can  roughly  be 
tested  by  an  instrument  he  and  Professor  Perry  had  constructed 
for  the  purpose.  On  the  other  hand,  Mr.  Mordey  has  made  tests 
with  an  instrument  supposed  to  be  of  the  same  construction,  and 
found  that  there  was  no  fluctuation  in  a  Brush  current.  This 
result  was  probably  due  to  complete  saturation  of  the  core  of  his 
transformer.  The  theory  generally  advanced  in  support  of  the  view 
that  the  current  from  a  Brush  machine  is  steady  is  that  the  mass 
of  the  field  magnets  is  sufficient  to  smooth  down  the  attempts  of 
the  armature  to  produce  fluctuation.  The  field  may  be  compared 
to  the  fly-wheel  of  a  steam  engine ;  and  although  it  is  supposed 
that    the    fly-wheel  makes  the    motion    absolutely  uniform^^ 
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Hr.Kapp.  momeiit'g  consideration  will  show  that  it  cannot  be  so.  The 
office  of  the  fly-wheel  is  to  help  the  engine  over  the  centre. 
Whatever  resistance  against  turning  there  is  from  the  belting  or 
other  machinery  which  the  engine  drives,  that  resistance  has  to 
be  overcome  by  the  fly-wheel  when  the  crank  is  going  over  the 
centre.  Everybody  knows  that,  a  body  in  motion  can  only  ove> 
come  resistance  by  being  slowed  down,  and  there  must  be  a 
certain  retardation  of  angular  velocity  in  order  that  the  fly-wheel 
may  give  out  work  and  get  the  engine  over  the  centre.  The 
action  of  the  field  magnets  of  a  Brush  dynamo  is  similar.  As 
long  as  the  current  remains  of  absolutely  constant  strength  the 
field  cannot  push  it  on,  and  we  are  therefore  forced  to  the 
conclusion  that  there  must  be  a  certain  fluctuation  in  order  that 
the  field  may  have  a  tendency  to  prevent  fluctuation.  Since 
there  must  be  some  fluctuation,  no  matter  how  heavy  the  field, 
it  is  obvious  that  the  determination  of  the  electrical  output  by 
simply  multiplying  current  and  pressure  is  not  absolutely  correct. 
Such  a  determination  is  in  the  same  manner  incorrect  as  it  would 
be  with  an  alternating  current,  but  not  to  the  same  extent.  The 
error  thereby  introduced  may  possibly  be  very  slight,  but  for  very 
accurate  measurement  it  ought  to  be  taken  into  consideration. 

Mr.  Adden-  Mr.  G.  L.  Addenbrooke  :  I  may  say  that  I  happened  to  be  in 
Melbourne  about  three  days  after  the  Exhibition  closed,  and  had 
an  opportunity  of  seeing  all  the  machinery.  I  did  not  see  it 
running,  but  I  saw  it  as  it  was,  and  therefore  I  may  perhaps  be 
able  to  supply  from  memory  a  few  of  the  details  which  some 
members  have  asked  for. 

The  number  of  boilers  was  12.  They  were  all  made  in  the 
Colonies ;  and  I  may  say  that  nearly  the  whole  of  the  boilers  in 
the  Colonies  are  made  in  the  Colonies.  The  type  has  no  doubt 
been  evolved  partially  from  marine  boilers  and  partially  fiiom 
locomotive  boilers.  It  is  a  fire-tube  boiler  of  the  marine  type, 
only  rather  different  in  detail,  being  much  longer,  and  the  tubes 
are  returned  as  in  a  marine  boiler.  The  flue  is  carried  back 
from  the  front  by  thin  iron  coverings  riveted  down  on  to  the 
side  faces  of  the  boiler.  The  boilers  were  mounted  on  wroughir 
iron  supports,  so  that  they  required  no  bridcwork^t  all:  Uiey 
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were  simply  stood  in  their  place ;  and  I  may  say  that  the  boilers  Mr.  Adden- 
and  their  arrangement  made  a  very  neat-looking  job,  and 
gave  satisfactory  results.  I  did  not  hear  whether  any  tests  of 
evaporative  power  or  anything  like  that  had  been  tried  with  the 
boilers,  but  the  general  tests  of  such  boilers  are  fully  up  to  the 
standard.  The  engines  spoken  of  in  the  paper  were  an  exact  copy 
of  the  well-known  type  of  Messrs.  Marshall,  of  Gainsborough.  I 
understand  that  the  measurements  were  taken  from  an  engine 
belonging  to  the  Australian  Electric  Company,  the  valve. gear 
being  carried  out  on  identical  principles,  which  are,  I  think,  well 
known  to  most  people. 

The  engines,  as  far  as  workmanship  went,  appeared  to  me 
to  be  well  turned  out.  They  were  not  compound — simply 
paired — and  therefore,  of  course,  not  very  economical.  I  had 
no  opportunity  of  finding  out  how  the  valves,  &c.,  worked,  but 
to  all  appearances  they  were  fair  engines,  and  such  as  would 
have  been  creditable  to  English  manufacture.  I  may  say  that 
I  think,  on  the  whole.  Colonial  workmanship  is  very  good :  they 
know  the  value  of  good  work. 

In  the  engines  there  were  two  cylinders,  one  on  each  side, 
and  in  the  centre  a  large  fly-wheel,  boxed  in  with  wooden 
boxing;  it  was  grooved,  as  the  paper  says,  for  13  pulleys.  These 
fly-wheels  were,  I  think,  20  feet  in  diameter,  and  they  weighed 
20  tons ;  they  were,  of  course,  cast  and  made  in  the  Colonies. 
On  the  Melbourne  cable  tramway  system  30-ton  fly-wheels,  nearly 
30  feet  in  diameter,  are  in  use.  These  large  driving  wheels 
drove  all  the  pulleys,  which  formed  the  most  portentous-looking 
line  of  shafting  that  I  ever  saw ;  it  was,  as  stated  in  the  paper^ 
200  feet  long,  divided  into  three  parts  by  pulleys  with  clutches,, 
so  that  it  could  be  driven  from  either  engine;  and  I  think  that 
usually  two  sections  were  driven  from  one  engine :  thus  there  werfr 
something  like  140  feet  usually  driven  from  one  engine.  The  loose 
pulleys  were  on  the  countershafting,  so  that  the  belt  was  not 
running  at  all  when  the  dynamos  were  thrown  out,  and  of  course 
this  necessitated  a  lot  of  extra  work,  and  made  the  countershaft- 
ing look  much  heavier.  The  dynamos  were  arranged  between  the 
engines  and  the  countershafting  in  the  usual  way.    The  whokj^ 
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Mr.  Adden.  was  Certainly  carried  out  in  a  ship-shape  and  nice  form,  and 
altogether  looked  neater  than  anything  we  saw  at  the  exhibitions 
in  London.  This,  however,  is  no  doubt  accounted  for  by  all  the 
machines  being  of  the  same  pattern,  and  designed  to  work 
together. 

Unfortunately,  as  I  have  said,  I  did  not  see  the  lighting, 
and  therefore  cannot  say  much  about  it.  But  from  what  I 
heard  from  outside  electrical  engineers  it  was,  on  the  whole, 
satisfactory.  This  installation  was  one  of  the  largest  which 
have  been  put  up.  Perhaps  you  are  not  all  aware  of  the  fact 
that  the  area  of  the  covered  portion  of  the  Melbourne  Exhibition 
was  somewhat  larger  than  any  of  those  lately  held  in  London— 
the  Colonial,  Healtheries,  and  so  forth ;  and,  as  far  as  I  could 
see,  the  thing  was  as  well  done  as  a  whole.  I  do  not  mean 
only  with  regard  to  electric  lighting,  but  everything  else.  The 
lighting  of  the  picture  gallery,  which  Mr.  Murray  alludes  to, 
was  very  good.  The  shades  had  been  nicely  arranged  so  that 
the  lamps  just  threw  the  light  down  on  to  the  edge  of  the 
floor  below  the  pictures,  and  the  lamps  were  not  visible  to  the 
public.  I  do  not  know  whether  I  can  give  any  further  details.  I 
may  say  that  there  was  a  transformer  plant  of  Messrs.  Ganz 
working  in  the  Exhibition  :  it  did  its  work  very  well  during  the 
-  Exhibition,  and  was,  I  believe,  afterwards  bought  by  a  Melbourne 
firm  for  a  theatre  installation.  The  Thomson-Houston  people 
also  had  a  transformer  plant  at  work,  which  also  did  well. 

Of  Mr.  Murray  himself,  I  may  say  that  he  has  been,  I  believe, 
electric  engineer  of  the  Victorian  Eailways  from  the  first,  and  tele- 
graphy in  Victoria  may  be  said  to  have  risen  under  his  care.  He 
has  the  electrical  connections  to  look  after  for  something  like  2,200 
miles  of  railway ;  and  while  he  has  a  reputation  for  carrying  out 
everything  satisfactorily  and  efficiently,  he  is  at  the  same  time  a 
most  impartial  man.  I  am  sorry  to  say  that  when  I  last  saw  him 
he  was  in  poor  health. 

Mr.  Preeoe.  Mr.  W.  H.  Preece,  F.R.S.  :  I  would  like  merely  to  remark, 
Sir,  that  Mr.  Murray  sent  his  paper  over  to  England  to  my  care, 
and  desired  me  to  look  after  it  for  him ;  and  I  should  have  been 
perfectly  prepared  to  have  supported  any  of  his  views  if  they  had 
'  een  severely  handled  or  severely  criticised. 


II 
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I  am  quite  certain  that  Mr.  Murray  himself  will  feel  very  Mr.  Preeoe. 
pleased  that  his  paper  has  been  so  well  received,  and  we  as  an 
Institution  are  very  much  indebted  to  him.  We  are,  indeed, 
glad  when  our  members  in  distant  parts  supply  us  with  papers 
of  this  description,  and  communicate  to  us  what  has  been  done 
in  other  lands. 

I  am  sorry  Mr,  Murray  has  omitted  one  important  point : 
there  is  little  or  nothing  about  the  behaviour  of  the  arc  lamps, 
and  little  or  nothing  about  the  amount  of  the  illumination. 
What  we  really  do  want  to  know  is  the  experience  of  managers 
of  exhibitions,  and  of  the  lighting  of  large  spaces,  of  the  amount 
of  illumination  that  is  given  by  the  distribution  of  arc  lamps  at 
various  distances  apart. 

You  will  pretty  well  know  that  I  have  had  a  great  deal  to  do 
with  exhibitions — the  Inventions,  Colinderies,  Liverpool,  Man- 
chester, and  others — and  I  have  always  laid  it  down  as  a  law  to 
totally  disregard  the  nominal  light-power  given  by  arcs,  or  any 
other  indication  of  candle-power,  and  have  taken  only  the  power 
consumed  in  the  arc  lamp.  The  power  consumed  in  the  Brush 
arc  lamp  is  500  watts,  and  by  allowing  a  watt  to  2  square  feet  of 
surfece  area,  I  have  found  that  you  get  a  brilliant  illumination  ; 
by  giving  3  square  feet  to  each  watt  you  get  a  little  less ;  and  so, 
by  regulating  the  surface  to  be  illuminated  to  the  number  of 
watts,  you  are  able  to  regulate  your  illumination  as  you  please. 
This  rule  has  been  frequently  followed,  and  it  is  most  desirable 
that  we  should  have  information  as  to  the  working  of  some  such 
^le,  so  that  we  really  all  may  be  guided  in  the  illumination,  say, 
of  railway  stations.  In  Paris,  where  13  acres  were  covered  with 
glass  and  illuminated,  I  found,  in  the  Galeries  des  Machines,  that 
the  amount  allowed  was  less  than  that  I  have  named:  it  was 
something  like  5  square  feet  per  watt;  and  I  think  that  if 
those  who  have  charge  of  arc  lights  will  bear  that  in  mind,  and 
give  us  some  information  on  that  point,  they  will  help  us 
very  much. 

On  behalf  of  Mr.  Murray,  I  am  sure  I  am  only  expressing  his 
views  when  I  say  that  he  is  extremely  indebted  to  the  Institution 
for  receiving  his  paper  so  kindly.  j gtized  by Googlc 
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Dr.  The  Chairman  :  Mr.  Eaworth,  I  think,  referred  to  a  test  I 

made  of  the  Victoria  machine  some  little  time  ago.  As  the 
results  of  the  test  were  satisfactory,  I  think  that  the  Bmsli 
Company  are  entitled  to  them.  I  should  state  the  machines  were 
specified  to  have  an  efl&ciency  of  92  per  cent.,  and  they  came  so 
near  in  the  test  that  I  did  not  feel  myself  justified  in  taking  the 
slightest  exception  to  them.  Those  machines  had  an  eflSciency  of 
about  89  per  cent,  at  the  maximum  load. 

On  the  motion  of  the  Chairman,  a  hearty  vote  of  thanks  was 
unanimously  accorded  to  Mr.  Murray  for  his  interesting  paper. 

The  meeting  then  adjourned. 
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MELBOUENE    EXHIBITION. 

Notes  on  Mr.  Murray's  Paper. 

Dynamos  Nos.  454  to  467  were  not  made  by  the  Brush 
Company,  and  as  I  have  no  means  of  ascertaining  their  exact 
construction  and  windings,  I  shall  deal  only  with  the  second 
series,  covering  dynamos  1846,  1840,  and  1849  with  thin  plates, 
and  1843,  1861,  and  1856  with  thick  plates.  These  dynamos, 
excepting  in  the  thickness  of  the  armature  plates,  are  known  to 
be  practically  identical  in  construction. 

Dynamos  Teat. 
Highest  eflSciency — thin  plates    ...     82*8  per  cent. 
Lowest  „  „        M       ...     74*7 


99 


Difference  ...  8*1 
Highest  eflSciency — thick  plates  ...  73*31 
Lowest  „  „        «...  67*56 

Difference  ...     5*75 

Average  eflSciency — ^thin  plates  ...  77*43 
„  „  thick      „     ...  69*84 

Difference  ...     7*59 

The  variations  in  the  above  results  in  each  set  are  very 
remarkable. 

In  the  case  of  dynamos  1840  and  1849,  their  eflSciendes  are 
given  (hot)  at  82*8  and  74-81 :  difference  =  9*99  per  cent. ;  but 
on  referring  to  Fig.  1,  we  find  that  the  values  of  the  magnetic 
circuits  for  similar  currents  are  practically  identical.  Any  actual 
difference  in  eflSciency  must  therefore  be  sought  for  in  the 
armature.  Unfortunately,  no  experiments  bearing  on  this  point 
in  reference  to  these  two  dynamos  are  recorded ;  but  one  cannot 
resist  the  conclusion  that  a  loss  of  power  in  one  armature 
exceeding  that  in  the  other  by  7*99  per  cent.,  equivalent  to 
about  2  horse-power,  would  have  produced  such  a  marked 
incease  of  temperature  as  to  have  excited  special  attention. 

One  of  the  most  remarkable  recorded  results  of  the  experi- 
ments is  the  improvement  in  eflSciency  as  the  machiue  increasec|a[e 
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in  temperature.  This  was,  of  course,  to  be  expected  to  a  \ 
extent,  owing  to  the  increased  resistance  to  the  generation  of 
eddy-currents  in  the  iron  of  the  armature,  as  suggested  by  tiie 
author ;  but  on  referring  to  the  tables  the  figures  given  appear 
quite  inexplicable. 

Kef  erring  to  Table  C,  we  find  the  average  increase  in  effidency, 
when  hot,  is  given  as— 

Thin  plates  6*0    percent. 

Thick      „  2-44       „ 

The  maximum  increase  is  given — 

No.  lS40y  thin plcUea 11*1  per  cent.; 

whereas  there  was  an  actual  decrease  in  the  case  of 

No.  1856,  thick  plates j  of    ...     1'3  per  cent. 

Assuming  that  the  difference  was  due  to  the  variation  of  the 
eddy-currents  in  the  armature,  one  would  have  expected  to  find 
the  greatest  variation  in  the  thick-plate  armatures,  in  which  the 
eddy-currents  would  undoubtedly  be  more  serious  than  in  those 
with  thin  plates ;  but  the  fact^  as  disclosed  by  the  experiments 
are  quite  in  the  contrary  direction.  The  thin  plates  show,  on 
the  average,  an  improvement  of  6  per  cent.,  while  the  thick 
plates  show  only  2*44  per  cent. 

The  maximum  improvement  in  the  thin  plates  was  II"  1  per 
cent.,  and  one  of  the  thick-plate  armatures  actually  deteriorated 
1*3  per  cent. 

It  is  clear,  therefore,  that  the  variation  cannot  be  accounted 
for  in  the  armature.  The  only  other  place  where  the  variation 
can  be  looked  for  is  in  the  tips  of  the  pole-pieces,  but  the  mass  of 
these  is  so  small  that  it  is  practically  certain  that  any  excessive 
loss  of  energy  concentrated  in  them  would  have  raised  their 
temperature  within  the  30  minutes  of  the  **  cold  "  experiment, 
and  thereby  have  nullified  the  variation. 

From  the  last  series  of  experiments  with  the  Brush  dynamo 
of  which  details  are  given,  Mr,  Murray  concludes  that  the  cuirent 
was  not  steady,  and  that  the  total  fluctuation  was  about  3  per 
cent. ;  but  it  is  evident  that  the  difference  between  the  obserred 
loss  of  potential  and  current-resistance  may  have  been  due  either 
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to  fluctuation  in  the  current,  or  fluctuation  in  the  resistance  of 
the  magnetic  circuit.  Mr.  Mordey's  experiments  show  that  the 
fluctuation  of  the  current  from  No.  7L  working  on  a  full  load  of 
lamps  is  extremely  small,  if  not  entirely  inappreciable  by  any 
instrument  less  sensitive  than  a  telephone ;  but  we  imow,  from 
the  construction  of  the  machine,  that  the  resistance  of  the 
magnetic  circuit  is  being  varied  constantly  by  the  revolutions  of 
the  armature,  and  that  the  distribution  of  magnetic  density  in 
the  field  magnets  varies  in  a  still  greater  degree.  These  varia- 
tions in  the  field  magnets  are  reflected  on  the  armatures,  where 
they  produce  opposing  forces,  so  that  it  does  not  at  all  follow  that 
variations  in  the  field  produce  equal  or  corresponding  variations 
in  current. 
2UtNov.,md.  JOHN  S.  RAWOETH. 
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The  One  Hundred  and  Ninety-eighth  Ordinary  General  Mecdng 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  25^  Great  George  Street,  Westminster,  cm 
Thursday  evening,  November  28th,  1889— Sir  WiLUAM 
Thob«son,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  ott 
November  14th,  1889,  were  read  and  approved. 

The  names  of  candidates  for  admission  into  the  Institution 
were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been  approved 
by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members- 
Clement  Joachim. 
The  following  paper  was  then  read : — 

ELECTRICAL  ENGINEERING  IN  AMERICA. 
By  G.  L.  Addenbrooke,  Associate. 

The  last  eighteen  months  or  two  years  in  America  have  been 
much  more  characterised  by  commercial  and  industrial  progress 
with  already  existing  types  of  plant  and  apparatus,  than  by  s 
number  of  new  inventions.  Inventive  ability  seems  to  have  been 
more  concentrated  on  improving  and  elaborating  already  existing 
inventions,  than  on  the  evolution  of  new  forms  and  ideas. 

The  leading  types  of  machines  and  apparatus  are  all  well 
known  to  you,  and  have  been  so  fully  described  and  illustrated 
that  to  enter  into  a  minute  account  of  them  now  would  only  be 
to  traverse  old  ground.  I  therefore  propose  to  devote  myself 
this  evening  to  central  station,  construction,  and  internal  work, 
and  the  application  of  electricity  to  tramway  and  other  industrial 
purposes.  Finally,  I  propose  to  make  a  few  remarks  on  the  tone, 
policy,  and  aims  of  American  electrical  engineers,  and  those 
commercially  interested  with  them  in  advancing  the  application 
of  electricity.  -■.        . ^  - 
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My  visit  to  America  was  not  quite  of  the  ordinary  character, 
as  I  came  through  on  my  way  from  Australia,  and  consequently 
liad  to  traverse  the  whole  breadth  of  the  continent  before  reaching 
the  better  known  towns  on  the  Eastern  Coast.  I  was  thus  able  to 
make  a  general,  if  rapid,  survey  of  what  is  going  on  in  the  far 
^est  and  in  towns  remote  from  the  manufacturing  and  engineer- 
ing centres,  as  well  as  in  New  York  and  some  of  the  larger  cities. 

Overhead  Work. 

Throughout  the  continent,  from  shore  to  shore,  the  main 
thing  that  forces  itself  on  the  observer  is  the  prevalence  of  arc 
lighting.  Hardly  any  what  we  should  call  moderate-sized  village 
outside  the  oil  region  appears  to  be  without  its  arc  lamps. 

Arc  lamps,  when  used  for  public  lighting,  are  usually  fixed  on 
poles  from  20  to  40  feet  high,  according  to  the  caprice  of  the 
parties  interested  in  their  erection ;  or  they  are  slung  from  the 
comers  of  intersecting  streets,  in  which  case  they  usually  hang 
low  down ;  or  the  tower  system  is  adopted.  When  posts  are  used, 
they  are  of  rough  pine,  never  painted,  often  out  of  the  straight, 
and  warped  or  bent.  If  the  lamps  are  fixed,  iron  spikes  are 
usually  driven  at  intervals  on  each  side  of  the  pole,  starting 
about  8  feet  from  the  ground,  and  forming  a  sort  of  ladder  by 
which  to  reach  the  lamp.  During  my  whole  journey  from  San 
Francisco  to  New  York,  I  can  hardly  recollect  seeing  one  ship- 
shape, neat,  and  smart-looking  post,  whether  for  carrying  arc 
lamps  or  for  any  other  electrical  purpose.  Everything  has  a 
temporary  and  expedient  look  about  it,  which  is  very  offensive  to 
English  eyes.  Creosoting  does  not  seem  to  be  practised,  and  the 
only  protection  applied  to  the  poles  which  I  saw  anywhere,  con- 
sisted of  boards  fixed  round  the  base  and  reaching  about  6  feet 
high;  but  this  protection  was,  I  think,  only  applied  to  large  poles 
carrying  circuits  or  telephone  wires. 

The  lamps  themselves  are  always  entirely  without  ornamenta- 
tion, and  are  usually  very  roughly  fixed  on  the  poles.  If  the 
globes  are  not  clear  glass  they  are  usually  only  lightly  frosted, 
so  that  the  light  glares  in  one's  eyes  in  all  its  nakedness. 

When  the  lamps  are  hung  over  the  centre  of  intersecting^'^ 
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streets,  four  wires  are  brought  down  from  the  comers  of  the 
neighbouring  houses,  the  lamp  hangs  from  the  centre,  and  is 
lowered  and  raised  by  a  pulley  and  cord.  The  wires  from  which 
the  lamp  hangs,  the  cord,  and  the  leads  all  festoon  about  in 
accordance  with  the  chapter  of  accidents,  and  look,  as  we  should 
think,  both  slipshod  and  untidy. 

The  only  relief  to  this  state  of  things  is  afforded  by  the 
towers.  These  towers  are  usually  erected  at  the  intersection  of 
streets,  with  the  four  legs  at  the  four  angles  of  the  pavement. 
They  are  constructed  of  exceedingly  light  ironwork.  Tapering 
gracefully  upwards  to  a  great  height,  they  are  at  any  rate  neat 
and  not  uninteresting-looking  objects  in  themselves,  and  certainly 
form  very  definite  landmarks.  Three  or  four  arc  lamps  hung 
round  the  top  of  one  of  these  towers  shed  a  sufficient  light  over 
a  great  area  where  the  houses  are  not  high.  With  this  method 
of  distribution  a  20-light  machine  can  be  employed  to  great 
effect ;  especially  as  in  country  towns  and  villages,  where  these 
towers  are  chiefly  employed,  the  object  is  rather  to  make  darkness 
generally  visible,  if  I  may  so  express  it,  than  to  provide  bright 
illumination  in  well-defined  places. 

By  using  the  tower  method  one's  eyes  are  not  dazzled  by  the 
brightness  of  the  light,  which  is  so  much  the  case  with  lamps  at 
a  low  level. 

In  my  own  case  I  used  sometimes  at  night  to  get  quite  an 
irritated  feeling  when  walking  about,  if  at  all  tired,  from  the 
incessant  glaring  in  one's  eyes  of  naked  arc  lamps,  and  the 
impossibility  of  finding  rest  anywhere.  I  mentioned  this  effect 
to  two  or  three  Americans,  but  they  did  not  seem  to  notice  it. 

Important,  however,  as  the  public  lighting  is,  in  the  large 
towns  it  occupies  a  comparatively  inconspicuous  place  in  com- 
parison with  the  numbers  of  lights  used  for  illuminating  stores, 
saloons,  hotels,  restaurants,  and  all  sorts  of  public  buildings.  Arc 
lamps  are  so  lavishly  used  in  these  places,  both  inside  and  oat, 
that  the  principal  streets  are  often  literally  a  blaze  of  light. 
There  were,  as  far  I  could  ascertain,  about  2,000  arc  lamps 
in  nightly  use  in  San  Francisco,  3,000  in  Chicago,  and  I 
understood  that  3,500  were  shut  down  in  New  York  while  I  was 
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there,  owing  to  the  accidents  which  had  taken  place,  and  of  which 

8o  many  accounts  have  been  published. 

The  majority  of  the  arc  lamps  used  outside  are  fixed  by  means 

of  light  iron  rods  projecting  from  the  buildings,  though  some, 

of  course,  are  hung. 

The  circuits  feeding  lamps  hung  either  inside  or  outside  of  a 

building,  either  run  direct  from  the  nearest  poles  on  each  side  of  it, 

thus  making  an  angle  over  and  across  the  pavement  which  is  very 

unsightly,  or  a  sort  of  barrel-shaped  glass  insulator  is  used.  This 
insulator  has  a  hole  through  the  centre  and  a  groove  round  the 
middle  of  the  outside.  The  wire  coming  in  one  direction  is 
passed  through  the  centre  of  the  insulator,  turned  back  on  itself, 
and  made  off;  the  wire  in  the  other  direction  is  passed  round 
the  outside,  and  also  made  off  on  itself;  the  two  ends  of  the  loop 
are  then  carried  to  the  lamp,  through  which  the  circuit  is  com- 
pleted. Nearly  all  the  wire  I  saw  was  insulated  with  "  under- 
"  writers'  insulation."  Where  lamps  are  used  internally,  this  is 
often  carried  through  wooden  window  frames  and  such  other  like 
places  without  any  further  protection  or  care.  Once  inside,  the 
wire  is  carried  along  ceilings  and  walls  quite  exposed,  but  sepa- 
rated about  3  inches  by  small  wooden  cleats.  Sometimes  instead 
of  cleats  small  white  porcelain  insulators  are  used. 

As  far  as  I  could  learn,  it  is  the  invariable  custom  for  all  com- 
panies to  run,  fix  up,  and  entirely  look  after  the  lamps  they 
operate.  The  customer  simply  pays  a  rent  for  the  use  of  the 
lighted  lamp  of  so  much  a  week,  month,  or  year,  as  the  case  may 
be,  and  has  no  further  trouble  of  any  sort.  The  rates  differ 
according  to  the  time  the  lamps  are  to  be  in  use  each  night.  To 
see  that  the  lamps  bum  properly,  linemen  promenade  the  streets 
all  night,  and  are  supposed  to  see  every  lamp  on  their  circuits  at 
certain  intervals. 

The  circuits  themselves  are  almost  invariably  carried  on  poles 
erected  along  the  edge  of  the  kerbstones.  A  fair  estimate  of  the 
average  height  of  these  posts  is,  I  think,  about  30  feet ;  of  course 
some  are  much  more,  and  many  less.  Long  wooden  cross  arms  are 
fixed  near  the  top  of  the  poles,  carrying  from  two  to  six,  and  evenr 
eight,  insulators  on  each  arm.  These  arms  are  not  so  strong  as  we 
VOL.  xvra.  53 
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should  make  them  for  the  purpose.  Owing  to  the  length  of  the 
arms,  and  to  their  not  being  very  securely  fixed  to  the  poles,  the 
weight  of  the  circuits  often  pulls  them  out  of  the  horizontal  To 
see  a  warped  and  bent  pole,  set  crookedly  in  the  ground,  and  vith 
the  arms  at  various  angles  with  each  other,  and  the  wires  on  it 
all  hanging  in  different  curves,  seems  about  as  dismal  and  voe- 
begone  a  piece  of  engineering  as  can  well  be  imagined, 

I  must  make  some  exception,  however,  in  the  case  of  the 
Thomson-Houston  Company  in  New  York,  who,  at  any  rate,  had 
got  light  iron  stays  attached  to  the  poles  and  arms,  at  an  angle  so 
as  to  give  more  support  to  the  arms  and  keep  them  in  their 
places. 

The  insulators  are  supported  on  the  arms  by  wooden  pegs, 
which  have  a  screw-thread  cut  on  the  part  that  projects.  On  this 
one  of  the  ordinary  green  glass  insulators  is  screwed.  Green 
glass  insulators  are  used  for  every  purpose  in  America,  whether 
for  electric  light,  telegraphs,  or  telephones.  They  are  very  cheap, 
and  answer  the  purpose  well.  Still,  the  eflFect  of  green  glass 
insulators  on  arms  painted  a  dull  red,  fixed  on  bare  poles  from 
which  the  bark  has  just  been  stripped,  is  not  aesthetic. 

The  majority  of  the  poles  for  circuits  have  no  steps  provided 
for  ascending  them.  On  the  frequent  occasions  when  it  is 
necessary  to  go  up  to  the  top  to  make  alterations  or  add  new 
circuits,  the  linemen  use  climbing  irons.  The  tearing  of  the 
wood  by  the  spikes  of  these  climbing  irons  gives  the  poles  & 
jagged  and  frayed-out  appearance  from  top  to  bottom.  One 
could  fancy  they  lead  to  the  habitation  of  some  immense 
squirrel. 

The  Americans  nearly  always  use  solid  wire  for  running  their 
circuits,  covered,  as  I  have  mentioned  already,  with  "underwriters* 
"insulation."  Little  trouble  is  taken  to  keep  the  various  circuit 
on  one  pole  in  regulation  with  each  other,  as  long  as  they  do  not 
touch.  Indeed,  the  whole  constri^ction  of  the  poles  and  arms  is  j 
so  flimsy  that  no  great  strain  could  be  put  on  the  wires.  The 
poles  themselves  are  fixed  at  short  intervals,  often  not  more  than 
30  yards  apart,  and  seldom  above  60. 

The  circuits  are  rather  hung  up  on  the  poles  than  ran,  in 

"■" ^  ^- 
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the  sense  an  English  lineman  attaches  to  the  word.  Separate 
suspenders  I  never  saw  used,  except  for  telephone  cables.  For 
alternating  incandescent  circuits  of  1,000  volts  several  separate 
cables  of  small  size  are  also  used,  instead  of  running  a  large  one 
with  suspenders,  as  has  been  the  custom  here. 

What  I  have  just  said  about  short  spans  for  electric  light 
work  also  applies  to  telephone  and  telegraphic  work :  the  spans 
used  in  this  work  are  generally  also  short.  In  the  latter  case, 
since  the  wires  are  light,  they  are  run  pretty  taut  without  . 
putting  much  strain  on  the  arms,  so  that  there  is  not  much  sag. 
Wires  run  in  this  way  are  of  course  not  so  liable  to  sway  about  as 
long  spans  are  in  high  winds,  and  make  intermittent  contact  or  get 
overlapped.  Further,  the  wires,  being  run  along  the  streets,  are 
protected  from  high  winds  in  a  great  measure,  and  are  not  par- 
ticularly exposed  to  them,  as  our  over-house  work  is.  This 
method  of  erection,  therefore,  rough  as  it  is,  and  notwithstanding 
the  enormous  number  of  wires  which  are  often  suspended  from 
one  pole,  gives  an  immunity  from  contacts  and  accidents  that  an 
English  engineer  at  first  can  hardly  understand  or  appreciate. 

For  leading  in  wires  into  houses,  or  for  putting  on  extra  wires 
on  a  pole — ^in  fact,  for  general  purposes  of  the  sort — a  block  of  wood 
is  used  the  lower  end  of  which  is  cut  off  at  an 
acute  angle,  the  upper  being  cut  away  and 
turned  down,  and  a  screw-thread  cut  on  it  to 
carry  an  insulator.  When  the  fttce  of  the 
angle  is  fixed  against  the  side  of  a  house  or 
a  pole,  and  a  spike  or  ^crew  put  through  it,  the 
insulator  projects  somewhat,  and  forms  a  sup- 
port for  making  off  the  wire.  The  whole  thing 
is  of  the  cheapest  description  but,  nevertheless, 
seems  to  answer  its  purpose. 

Wires  are  led  in  from  the  outside  with  much 
less  care  than  is  generally  used  in  England; 
and  this  applies  also  to  telephone  and  telegraph 
work.  It  often  puzzled  me  how  they  worked .  at 
all  after  they  had  been  put  up  a  few  months.  But  the  &ct  that 
the  climate  is  much  drier,  and  fine  rain  not  so  frequent  as  here, 
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has  no  doubt  a  great  deal  to  do  with  it.  In  the  ease  of  arc  light 
circuits  entering  and  coming  out  of  houses,  and  worked  in  series— 
as  they  always  are — it  is,  of  course,  a  material  point  that  although 
the  diflference  of  potential  between  the  circuit  and  the  earth  may 
be  3,000  volts,  yet  the  difference  between  the  outgoing  and 
incoming  wire  is  only  some  50  volts ;  so  that  the  tendency  of  the 
current  to  break  across  the  leads  is  really  small.  Again,  the 
chance  of  the  current  going  to  earth  on  dry  ceilings  and  walls  is, 
when  one  comes  to  look  into  it,  not  great.  Thus,  notwith- 
standing the  rough  character  of  most  American  work,  and  the 
poor  insulation  of  the  wires,  in  this  class  of  work  there  is  a 
greater  freedom  from  faults  and  a  higher  margin  of  safety  than 
one  would  at  first  imagine.  The  only  place  where  the  margin  of 
safety  is  really  low  is  where  the  wires  enter  buildings. 

I  have  now,  I  think,  gone  over  all  the  main  points  in  arc 
lighting  construction  work.  Construction  work  for  alternating 
currents  is  generally  carried  out  on  much  the  same  lines  as  for 
arc  lighting;  the  only  difference  is  that  in  the  latter  case 
converters  are  stuck  against  the  outside  of  buildings  instead  of  arc 
lamps,  which,  of  course,  are  in  parallel  instead  of  in  series.  A  rough 
hole  is  knocked  through  the  brickwork  just  under  the  place  where 
the  converter  is  fixed,  for  the  secondary  leads,  which  are  slipped 
through  a  couple  of  rubber  tubes  and  carried  inside.  But  little 
attempt  is  usually  made  to  execute  this  part  of  the  work  in  what 
we  should  call  a  neat  or  workmanlike  manner. 

Let  us  now  make  a  resv/me  of  this  branch  of  the  subject. 
There  are  in  America  now,  I  believe,  more  than  a  quarter  of  a 
million  arc  lamps  in  constant  use.      In  the  large  towns  these  arc 
lamps  are  fed  by  machines  equal  to  keeping  going  50  or  60  lamps 
each. 

Outside  a  central  station,  supposing  it  to  be  for  1,000  lights, 
we  shall  find  tall  and  untidy-looking  poles  30  or  40  feet  high.  At 
the  top  these  poles  will  have  four  or  five  cross  arms,  each  carrying 
six  or  eight  insulators.  These  poles  will  be  continued  along  the 
neighbouring  streets  at  intervals  of  30  to  60  yards,  according  to 
circumstances.  Every  here  and  there  a  circuit  will  leave  the  rest 
for  the  side  of  a  neighbouring  house,  supply  one  or  more  lamps, 
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being  run  in  the  latter  case  along  the  face  of  the  houses,  and 
then  return  again  at  the  next  pole.  Or  a  circuit  may  jump 
across  the  street,  supply  a  lamp  or  two,  and  then  return  again  to 
the  nearest  pole  on  the  side  it  first  started  from. 

Here  and  there  one  or  two  circuits  will  leave  the  main  line  of 
poles  altogether,  and  turn  up  a  side  street :  in  this  case  the  poles 
in  the  side  streets  are  generally  smaller.  It  is  surprising  the 
length  some  of  the  arc  circuits  extend  in  this  way — notunfrequently 
over  a  dozen  miles. 

As  all  the  machines  in  a  station  are  usually  of  the  same  size, 
and  are  run  at  the  same  speed,  when  the  circuit  is  long  the 
number  of  lamps  fed  ofif  a  nominal  60-light  machine  may  perhaps 
have  to  be  reduced  to  45  to  allow  for  the  resistance  of  the  leads.^ 
As  you  are  aware,  some  of  these  arc  machines  are  now  used  on 
power  circuits  in  the  daytime,  which  forms  a  very  welcome  source 
of  extra  revenue. 

I  trust  I  have  not  wearied  you  by  a  too  minute  description  of 
this,  a  not  very  interesting  part  of  electrical  engineering  in 
America ;  but  I  was  anxious  to  convey  as  clearly  as  I  could  on 
what  a  remarkably  simple  and  crude  basis  almost  the  whole  fabric 
of  American  electrical  engineering  in  this  particular  at  present 
rests.  For  I  think  I  am  not  overstating  CEicts  in  saying  that  at  least 
nine-tenths  of  all  the  electrical  work  in  America — putting  aside 
isolated  plants — is  carried  out,  as  far  as  the  construction  work  is 
concerned,  in  the  manner  I  have  described.  In  all  this  portion  of 
the  work  I  saw  next  to  nothing  which  showed  particular  ingenuity, 
skill,  or  brilliancy  of  idea.  Simple  and  crude  means  were  every- 
where used  to  effect  in  a  rough  and  crude  manner  the  end  desired. 
In  the  means  employed  there  is  little  to  excite  either  admiration 
or  interest.  The  interest  lies  in  the  fact  that  in  such  a  simple 
and  elementary  manner  so  much  has  been  done. 

Underground  Work. 

Turning  now  from  this  branch  of  the  subject  to  underground 
work,  I  must  confess  that  I  had  a  good  deal  of  difficulty  in 
getting  really  atourate  and  reliable  information  on  this  subject— ^ 
at  any  rate,  of  a  comparative  character.    The  Edison  CompMwle 
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have,  of  course^  buried  their  wires  all  along,  and  their  three 
conductors  enclosed  in  an  iron  tube,  run  solid,  with  insulating 
material  inside,  are  well  known.  As  fiBu:  as  I  could  ascertain,  the 
various  systems  of  conduits  have  not  proved  very  successful  so  far, 
and,  since  the  proof  of  the  pudding  is  in  the  eating,  the  fact  that 
the  Subway  Company  in  New  York  are,  I  believe,  laying  down 
iron  pipes  entirely — at  least,  they  were  in  every  place  I  saw  work 
going  on — points  to  this  conclusion. 

The  system  of  construction  for  underground  work  at  present 
being  carried  out  in  New  York  is  as  follows : — 

Manholes  at  convenient  distances  are  made  in  the  roadway— 
not,  as  a  rule,  in  the  pavement,  but  just  on  the  rise  of  the  road, 
and  clear  of  the  gutter.  These  manholes  are  circular,  and  are 
covered  by  a  heavy  iron  lid.  Below  the  manhole  is  a  bell-shaped 
pit  8  or  9  feet  deep,  and  bricked  round,  and  of  sufficient  size  at  the 
bottom  for  a  couple  of  men  to  stand  fairly  comfortably  to  work. 
Iron  pipes  such  as  are  used  for  water  or  gas  are  laid  in  the 
ground  from  one  manhole  to  the  next.  I  understand  that  each 
electric  company  will,  as  a  rule,  have  a  separate  pipe,  so  that  if 
there  are  several  companies  running  along  the  street,  they  will 
each  require  a  separate  line  of  piping  opening  into  the  manhole. 
There  will,  therefore,  often  be  several  pipes  entering  at  each  side 
of  the  manhole.  These  pipes  enter  the  manhole  at  such  a  height 
as,  roughly,  to  come  between  the  hips  and  breast  of  a  man  standing 
on  the  bottom— at  a  height,  in  fact,  to  bring  them  in  a  fisdrlj 
convenient  position  for  working.  The  cables  are  drawn  through 
the  iron  pipes  in  the  ordinary  way.  Branches  are  taken  from  the 
manholes  under  the  roadway  and  pavement  to  any  house  between 
the  manholes  requiring  current. 

As  regards  the  class  of  cable  which  is  being  largely  l«i<J 
down  in  these  conduits,  the  conductor  consists  of  seven  strands 
of  No.  16  copper.  These  are  insulated  by  a  layer  of  a  hard 
but  somewhat  flexible  material,  containing,  I  believe,  some 
rubber  in  conjunction  with  other  materials,  but  the  complete 
material  is  cheaper  than  rubber  used  alone.  The  thickness  of 
this  material  surrounding  the  conductors  is  one-twelfth  of  an  inch. 
It  somewhat  resembles  ebonite,  and  is  of  a  consistency  ^o  stand 
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rough  usage  and  hard  wear.  It  will  be  interesting  to  see  how  it 
lasts  in  practice,  I  must  say  it  seems  to  me  a  very  suitable 
material  for  the  purpose  for  which  it  is  intended  ;  and  as  far  as 
insulating  qualities  go,  I  was  able  to  see  the  record  of  tests  of  a 
good  deal  that  has  been  laid,  and  they  were  excellent,  going  up 
to  several  thousands  of  megohms  per  mile.  The  insulating 
material  is  covered  with  a  lead  pipe  about  one-sixteenth  of 
an  inch  thick,  and  containing,  I  believe,  a  percentage  of  tin. 
These  lead-covered  cables  are  usually  jointed  at  each  manhole, 
and  a  little  slack  left  on  them  there.  The  jointing  is  done  by  a 
special  system,  and  when  it  is  complete  electrically  the  two  lead 
tubes  are  drawn  together  over  a  small  bit  of  brass  tube,  which 
protects  the  point  of  junction ;  they  are  then  "  wiped " 
together  with  a  hot  iron  like  an  ordinary  plumber's  joint.  No 
doubt  this  work  is  heavy  and  expensive,  but  it  looks  as  if  it 
should  last  when  once  put  down. 

Internal  Work. 

Coming  now  for  a  moment  to  the  internal  work  in  buildings, 
most  of  what  I  saw  had  a  rough,  temporary  look  about  it, 
evidently  being  put  up  as  cheaply  as  possible.  I  do  not  say 
that  no  good,  solid  work  is  done,  but  the  proportion  of  it  to  the 
remainder  is,  I  fancy,  a  good  deal  smaller  than  in  this  country. 

Gras  fittings  are  freely  utilised,  and  I  think  I  anr  correct  in 
stating  that  in  the  arrangement  of  lights  the  gas-fitting  way  of 
managing  things  is  adhered  to  much  more  closely  than  in  this 
country,  where  we  have  rather  tried  to  avoid  imitating  the 
ordinary  ways  of  arranging  gas  lights. 

Turning  aside  for  a  moment,  it  appears  to  me  that  one  of  the 
great  wants  all  over  the  world  now  is,  if  I  may  so  term  it,  a 
*'  science  of  illumination."  Up  to  and  as  fiu:  as  providing  light  we 
are  exceedingly  scientific.  But  in  utilising  it  when  we  have  got 
it,  we  proceed  in  an  elementary  and  haphazard  manner. 

Mr.  Preece  has,  I  know,  from  the  first  paid  a  great  deal  of 
attention  to  this  point,  and  appreciated  its  value.    It  seems  to 
me  that  it  would  really  be  of  great  practical  benefit  if  a  contjp 
mittee  of  this  Institution,  or  some  other  responsible  body,  would 


780  ELECTRICAL  ENGINEERING  IN  AMERICA.     [Kov.Kth. 

accumulate  some  accurate  and  authoritative  data  on  the  subject. 
When  once  started  properly,  these  data  would  increase  of  them- 
selvesy  and  would  soon  form  a  guide  which  would  be  exceedisgly 
useful  in  drawing  up  specifications  and  arranging  to  the  best 
advantage  the  lighting  of  either  open  spaces,  public  buildings,  or 
private  houses. 

We  all  have  our  own  indefinite  notions  on  the  subject  as  the 
result  of  experience,  but  if  they  could  only  be  put  into  definite 
shape — and  I  think  the  subject  does  admit  of  being  put  into 
definite  shape — it  would,  I  feel  sure,  be  a  great  advantage. 

Of  course  there  are  innumerable  patterns  of  switches  and  cut- 
outs and  fittings  in  America,  as  here,  but  none  came  to  my  notice 
showing  any  very  brilliant  conception  in  design.  Lamp  sockets  and 
fittings  are  generally  somewhat  larger  and  clumsier  than  with  us. 

The  chief  difference  I  noticed  was  that  a  switch  is  almost 
invariably  included  in  each  lamp  socket.  Americans,  as  a  rule, 
do  not  go  to  the  same  amount  of  trouble  and  expense  that  is 
general  here  to  fix  switches  in  handy  places  near  doors.  If  you 
want  the  light  on  or  off,  you  turn  it  on  or  off  at  the  burner  as  yoa 
would  do  gas. 

Central  Stations. 

Coming  now  to  central  stations,  those  I  went  over  were  the 
new  Arc  Light  Station  in  San  Francisco,  the  Edison  Station  in 
Chicago,  the  Westinghouse  Station  in  Pittsburg,  and  the  Thomson- 
Houston  Station  in  New  York;  and  I  may  add  that  since  my  return 
to  London  I  have  had  an  opportunity  of  going  carefully  over  the 
new  Westinghouse  Station  in  Sardinia  Street,  Lincoln's  Inn 
Fields,  the  plant  in  which  is  entirely  of  American  manufiMjtui« 
and  pattern,  and  arranged  in  the  American  manner. 

I  might  easily  have  seen  many  more  stations,  in  some  cases 
perhaps  larger  and  better  arranged  than  those  I  did  see.  Bat 
those  I  did  see  are,  I  think,  all  typical  of  the  latest  American 
work,  and  all  were  in  the  process  of  making  large  additions  to 
their  plant,  so  that  they  were  quite  up  to  date. 

The  station  in  San  Francisco  is  near  the  raQway  station.  B 
is  a  large  brick  building,  erected  entirely  for  its  present  purpose, 
about  250  feet  long  by  80  feet  broad,  with  a  ground  and  ti« 
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upper  floors,  and  has  been  finished  about  eight  months.  It  is 
intended  to  provide  accommodation  for  about  2,000  arc  lights 
when  filled  up.  At  present  it  is  furnishing  current  for  about 
600.  It  is  arranged  in  the  usual — I  was  going  to  say  invariable — 
American  plan  of  placing  the  engines  and  boilers  on  the  ground 
floor,  and  arranging  the  dynamos,  switch-boards,  and  electrical 
portion  of  the  station  on  the  first  floor.  In  this  instance  the 
second  floor  is  used  as  a  storehouse,  and  for  general  purposes. 

The  boiler-house  forms  one  end  of  the  building,  and  there 
was  nothing  above  it.  It  is  arranged  for  two  lines  of  boilers, 
one  on  each  side,  one  side  only  being  filled  up  at  present. 
They  face  towards  the  centre  of  the  building,  with  a  large 
space  between  for  coals  and  general  working  purposes.  The 
boilers  were  of  the  well-known  water-tube  pattern.  This  type, 
varied  slightly  in  detail  by  each  maker,  seems  to  be  in  general 
use  everywhere  in  the  States.  From  the  boilers  the  steam  is  led 
to  a  650-horse-power  single-cylinder  Corliss  engine,  which,  by 
rope  gearing,  drives  a  single  line  of  countershafting.  I  must  say 
I  was  surprised  to  find  that,  in  a  new  station  so  large  as  this, 
and  one  in  which  expense  evidently  had  not  been  spared,  the 
engine  was  neither  compound  nor  condensing,  particularly  as 
there  was  water  within  a  moderate  distance.  There  was  only  this 
one  engine  in  the  station  driving  all  the  dynamos,  though  space 
was  provided  for  three  more  as  the  amount  of  lighting  increased. 

The  working  of  the  station  was  therefore  dependent  on  the 
single  engine  and  line  of  shafting  keeping  in  good  order.  The 
engine  drove  this  line  of  countershafting  as  I  have  said,  the  loose 
pulleys  being  on  the  shafting.  At  the  stations  I  visited  where 
countershafting  was  in  use  I  was  struck  with  the  care  and  com- 
pleteness with  which  means  were  provided  for  adjusting  the 
plummer  blocks  and  bearings  in  any  direction.  The  general 
idea  was  somewhat  as  follows : — ^The  plummer  block,  or  upright, 
stood  in  a  cast-iron  shoe  with  a  flat  planed  bottom,  through  which 
the  holding-down  bolts  projected.  The  holes  for  the  holding- 
down  bolts  in  the  plummer  block  were  bored  large  so  as  to  permit 
a  certain  movement  in  the  block.  The  edges  of  the  cast-iron  shoe 
were  turned  up  all  round,  and  through  these  edges  projected  screw 
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bolts,  the  points  of  which  touched  the  plummer  block.  By  loosen- 
ing, then,  the  holding-down  bolts  at  any  time,  and  screwing  or 
unscrewing  the  screw  bolts  as  required,  the  block  could  be  slewed 
slightly  or  adjusted  to  line  with  the  greatest  nicety  and  ease. 
Besides  this,  the  under  bearing  worked  in  guides,  being  kept  in  its 
place  by  a  strong  screw  projecting  up  from  underneath.  By  work- 
ing on  this  screw,  and  on  the  cap  of  the  upper  bearing,  the  height 
of  the  bearing  could,  of  course,  be  adjusted  with  great  exactness. 
With  these  means  the  brasses  are  also  quickly  and  easily  replaced ; 
while  if  they  get  warm  when  the  shaft  is  running,  the  bottom 
bearing  can  be  slacked  down.  The  Thomson-Houston  Company  in 
New  York  told  me  they  did  this,  and  their  dynamos  are  on  the  same 
floor  as  the  line  of  shafting.  It  is,  of  course,  a  still  simpler  and 
safer  matter  to  do  this  when  the  dynamos  are  situated  almost  right 
above  the  shafting,  as  is  the  general  practice  in  American  stations. 
Leather  belting  of  the  ordinary  description  was  in  use,  except  for 
driving,  where  ropes  are  used,  as  I  have  mentioned.  I  found 
leather  belting  employed  at  each  of  the  stations  I  visited. 

These  long  lines  of  countershafting  must,  of  course,  be  waste- 
ful of  power ;  still,  it  is  worth  pointing  out  that  such  shafting 
runs  under  the  best  conditions  when  doing  work  right  overhead, 
since  both  the  dead  strain  and  the  running  strain  on  the  belts  to 
the  dynamos  tend  to  lift  the  line  of  countershafting,  which, 
therefore,  if  the  weight  is  properly  adjusted,  must  run  veiy 
lightly  in  its  bearings. 

The  method  of  driving  from  underneath  is  also  economical  in 
belting,  since  the  weight  of  the  belt  hanging  on  the  dynamo 
pulley  causes  it  to  have  a  good  grip,  and  permits  of  a  short  length 
being  used.  The  belts  pass  up  to  the  dynamos  through  holes  in 
the  floor,  the  holes  being  elongated  to  permit  the  belt  being 
tightened,  if  necessary,  by  screwing  the  dynamo  along  on'  its  bed 
rails. 

In  each  of  the  stations  I  visited  in  America,  the  upper  floor 
carrying  the  djnaamos  was  entirely  of  wood,  strongly  made, 
and  supported  from  underneath  at  intervals  by  stout  wooden 
uprights,  but  still  of  wood.  ^  t 

The   weight   of  the   floor  in   the   San  "Francisco   station  is 
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entirely  supported  by  the  wooden  uprights,  being  only  steadied 
at  the  sides.  I  was  informed  that  at  the  old  station  in  San 
Francisco,  worked  by  same  company,  and  which,  I  under- 
stood,' was  supplying  about  1,200  arc  lights,  a  good  deal  of 
trouble  was  experienced  from  the  floor,  which  was  fixed  to  the 
walls,  and  which,  vibrating  with  the  motion  of  the  machinery, 
shook  the  brickwork.  I  found  the  vibration  on  these  wooden 
floors  less  than  I  anticipated,  considering  the  amount  of 
machinery  on  them  ;  but,  of  course,  the  motion  of  a  good 
dynamo  is  very  even,  and  if  the  joints  on  the  belt  are  neatly 
made  there  is  no  jerking. 

In  this  San  Francisco  station  all  the  machines  were  Brush 
60-lighters.  From  50  to  60  lights  in  series  on  one  circuit  seems 
to  be  about  the  general  rule  for  lighting  in  America  when  any 
number  of  lights  is  required.  As  all  the  machines  are  run  from 
the  same  countershafting,  and  at  the  same  speed,  whatever 
work  they  may  be  doing,  it  is  necessary  to  provide  an  automatic 
regulator  to  adjust  the  current  through  the  field  magnets  for 
each  machine  when  doing  less  than  its  normal  output.  On  the 
other  hand,  if  the  circuit  is  a  very  long  one — and  I  was  told  some 
of  the  circuits  at  San  Francisco  are  as  much  as  13  or  14  miles— 
the  number  of  lamps  on  the  circuit  must  be  reduced  to  com- 
pensate for  the  extra  resistance.  These  Brush  dynamos  were  all 
mounted  on  short  iron  columns  about  9  inches  high,  so  that  they 
were  lifted  entirely  from  the  floor.  I  was  told  that  this  arrange- 
ment was  found  very  handy  for  keeping  the  machines  clear  and 
free  from  dirt,  and  for  inspecting  them.  I  did  not  notice  much 
difference  between  the  machines  and  those  turned  out  by  our 
friends  on  this  side  of  the  water,  and  the  style  of  the  workman- 
ship seemed  to  be  about  the  same.  A  light  overhead  trolley, 
with  lifting  gear,  ran  overhead  so  that  it  could  quickly  be 
brought  over  any  machine,  and  I  was  informed  that  should  a 
machine  go  wrong  they  could  replace  an  armature  in  half  an 
hour.  In  the  older  station  in  San  Francisco  a  large  number  of 
Thomson-Houston  machines  are  used,  but  Brush  machines  only 
are  employed  in  the  new  station,  as  they  find  the  Brush  armature 
is  more  easily  replaced,  and  is  so  much  the  easier  of  the  two  to 


78*  ELECTRICAL  ENGrNEERING  IN   AMERICA.     [Nov.  28th, 

repair  if  anything  goes  wrong.  It  is  worthy  of  note  in  this 
connection  that  the  latest  advices  from  America  inform  us  that 
the  Thomson-Houston  Company  have  bought  the  Brush  Works  at 
Cleveland,  Ohio,  and  therefore  presumably  the  Thomson-Houston 
Company  will  in  the  future  control  this  interest  as  well  as 
their  own. 

From  the  dynamos  the  mains  are  led  to  a  long  narrow  sheU, 
where  are  fixed  the  resistances  and  indicating  instruments  for  each 
machine.  The  mains  next  proceed  to  the  switch-board,  which  is 
of  the  plug  pattern — brass  plugs  with  boxwood  handles  united 
by  a  flexible  insulated  cord. 

All  the  flooring  being  of  wood,  as  it  is  in  each  of  the  stations 
I  saw,  and  being  kept  clean  and  dry,  the  risk  of  getting  a  bad 
shock  is  not  great,  except  by  shunting  the  current  through 
oneself,  or  getting  in  series  with  a  main,  which  are  not  ordinary 
accidents. 

At  San  Francisco  the  motor  business  is  steadily  increasing, 
and  forms  a  welcome  addition  to  the  revenue  of  the  station,  with- 
out a  very  great  additional  expenditure. 

I  will  now  go  on  to  the  Edison  Station  in  Chicago.  There  is  no 
necessity  to  describe  it  at  length,  as  the  plans  on  which  Edison 
stations  are  constructed  have  been  published  over  and  over 
again. 

The  boilers,  which  are  situated  on  the  ground  floor,  are  of  the 
water-tube  pattern — Heine  arrangement.  In  this  pattern,  which 
seems  to  be  a  good  deal  used,  the  tubes  are  much  more  nearly 
horizontal  than  in  the  well-known  Babcock  &  Wilcox  type.  All 
the  tubes  come  into  a  large  flat  box  at  each  end,  and  there  are 
small  manholes  in  the  boxes  opposite  the  ends  of  the  tabes, 
for  getting  at  them.  These  flat  boxes  are  prevented  from  ex- 
panding with  the  pressure  by  tubular  stays,  which  pass  right 
through  them,  and  are  expanded  in  their  places.  These  small 
tubes  serve  as  blow-holes  for  directing  a  jet  of  steam  on  the 
upper  side  of  the  tubes  to  clear  them  of  ashes.  They  are  kept 
plugged  up  with  a  stopper,  under  ordinary  circumstances,  to 
prevent  the  gases  coming  through.  These  boilers  had  a  damper 
projecting  downwards  in  the  furnace  opening,  for  directing  the 
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draught  over  the  surface  of  the  coals  when  firing,  to  cause  more 
complete  combustion  and  prevent  smoke.  This  damper  may 
have  been  of  some  use  for  the  purpose,  but  it  certainly  made  it  a 
difficult  operation  to  fire  properly. 

The  engines  were  also  in  the  basement,  in  the  next  room  to 
the  boilers.  They  were  of  the  ordinary  Armington-Sims  pattern, 
single  cylinder,  and  neither  compound  nor  condensing.  There 
was  one  to  each  dynamo,  the  dynamos  being  situated  overhead  on 
the  floor  above.  The  dynamos  were  of  the  ordinary  Edison 
pattern,  for,  I  think,  1,500  lights  each.  Everything  was  very 
neatly  arranged  in  the  dynamo  room,  the  current  being  conveyed 
about  by  large  copper  bars.  The  walls  were  simply  lined  with 
resistances  and  indicators  for  the  different  circuits.  In  fact,  the 
place  gave  one  rather  the  impression  of  a  wholesale  clock  store, 
though  the  attendant  informed  me  they  did  not  have  much 
difficulty  in  keeping  their  resistances  properly  adjusted.  All  the 
mains  are  underground,  on  the  three-wire  system.  Indeed,  there 
is  a  good  deal  of  underground  work  in  Chicago,  the  Telephone 
Company  also  having  a  large  number  of  cables  buried. 

The  next  station  I  visited  was  that  of  the  Westinghouse 
Company  at  Pittsburg.  It  is  situated  in  a  large  building  of  the 
warehouse  type,  quite  in  the  centre  of  the  town. 

The  boilers  here  are  of  the  water-tube  type,  but  heated  by 
natural  gas  instead  of  coal.  This  natural  gas  is  brought  in  pipes 
to  the  town  from  a  distance  of  35  miles.  The  company  who  own 
the  line  of  piping — of  which,  by  the  way,  Mr.  George  Westing- 
house  is  also  President — sell  this  gas  to  manufactories,  &c.,  at  a 
rate  which  is  nearly  equivalent  to  the  cost  of  coal ;  so  that, 
although  the  convenience  is  great  in  using  it,  the  economy  is  not 
so  large  as  might  at  first  be  anticipated. 

Work  at  the  Pittsburg  station  was  in  the  first  instance 
begun  with  two  Corliss  single-cylinder  engines  of  the  ordinary 
type,  driving  on  to  a  line  of  countershafting ;  but  this  method 
of  working  has  not  been  extended,  and  one  of  these  engines  has 
since  been  removed.  The  next  additions  to  the  station  con- 
sisted of  Westinghouse  Standard  engines  of  250  indicated  horse- 
power, driving  2,500-light  alternating  dynamos.    These  engines 
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stand  on  square  blocks  of  concrete  and  masonry ;  the  blocks 
for  this  sized  engine  are  about  7  feet  by  5  feet.  The  last 
additions  are  of  the  new  type  of  Westinghouse  CJompound 
engine.  From  a  power  point  of  view,  as  well  as  from  an  electric 
lighting  point  of  view,  the  station  has  therefore  something  of 
historical  interest. 

While  in  Pittsburg  I  had  an  opportunity  of  going  carefully 
through  the  Westinghouse  engine  factory  with  Mr.  Ralph 
Bagaley,  the  vice-president  and  manager,  and  of  seeing  all  the 
details  of  construction  of  each  of  the  diflFerent  types  of  engines. 

The  Westinghouse  Company  make  three  styles  of  engine, 
each  worked  by  a  piston  valve  and  single  eccentric. 

The  Standard  type  is  so  well  known  that  I  will  not  say  any- 
thing about  it.  In  it,  as  you  are  probably  aware,  the  steam 
valve  is  between  the  cylinders,  and  set  at  a  slight  angle  to 
them,  while  the  cylinders  are  set  rather  over  their  work,  and  not 
directly  in  a  vertical  line  above  the  crank  shaft. 

The  Junior  and  the  new  Compound  engines  are  on  somewhat 
diflFerent  lines  to  the  Standard,  while  the  main  principles  involved 
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are  nearly  the  same.  In  these  two  later  types  the  piston  valve 
lies  horizontally  along  the  top  of  the  cylinder  heads.  It  is 
operated  by  a  single  eccentric  working  outside  the  engine  case  in 
a  vertical  direction,  the  motion  being  changed  to  a  horizontal  one 
by  means  of  an  L  piece  attached  to  the  engine  case  by  a  hinge. 
The  whole  movement  is  of  simple  character,  and  works  exceed- 
ingly well.  In  fact,  there  are  practically  no  more  working  parts 
in  the  Compound  engine  than  in  the  Junior  or  the  Standard 
two-cylinder  patterns,  and  the  one  is  as  simple  as  the  other. 

The  Standard  type  has  now  stood  the  test  of  several  years' 
work  very  satisfactorily,  and  there  is  no  room  to  doubt  that  the 
Compound  engine,  constructed  in  the  same  shops  and  by  the 
same  method  as  the  Standard  engine,  will  wear  at  least  as  well. 
The  makers'  tests  show  exceedingly  good  results  for  this  Com- 
pound engine — viz.,  from  18^  lbs.  to  19^  lbs.  of  water  per  brake 
horse-power  hour  with  condenser,  and  from  24  lbs.  to  25^  lbs. 
without  condenser.  I  saw  the  testing  apparatus  in  the  makers' 
shops,  and  engines  undergoing  their  test  preparatory  to  delivery, 
and  feel  perfectly  confident  that  the  figures  given  by  the  makers 
are  thoroughly  reliable. 

I  will  not  describe  this  engine  more  fully,  although  to  do 
so  would  probably  elicit  an  interesting  discussion,  as  it  would  be 
wandering  from  the  subject  of  my  paper.  On  the  other  hand, 
the  remarks  I  have  made  are  not  intended  to  compare  the 
Westinghouse  Compound  engine  with  any  other  engine  of  at  all 
similar  type,  but  rather  to  draw  the  attention  of  electrical 
engineers  to  the  fact  that  there  are  now,  at  any  rate,  two  large 
firms  of  the  highest  repute  turning  out  this  class  of  engine,  and 
teady  to  guarantee  economy  and  efficiency  on  a  par  with  Corliss 
engines. 

Eetuming  to  the  Pittsburg  station,  five  Westinghouse  engines 
of  250  indicated  horse-power  drive  five  alternating-current 
dynamos  of  2,500  16-candle-power  lights  capacity  each,  besides 
the  machine  driven  from  the  Corliss  engine.  The  exciters  are 
run  from  smaller  engines.  The  engines  driving  the  alternat- 
ing dynamos  make  250  revolutions  per  minute,  the  dynamos 
making  1,050  revolutions  per  minute.    The  power  is  conveyed 
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overhead  by  belts  to  the  first  floor,  where  the  dynamos  are 
placed.     Each  of  these  dynamos  is  on  a  sliding  bed,  so  that  the 
belt  can  be  tightened,  and,  as  I  have  already  said,  the  exciters 
are  run  separately  from  the  machines.     The  machines  are  so  well 
known  it  is  hardly  necessary  to  describe  them.     I  may,  however, 
perhaps  with  advantage  say  a  few  words  on  the  construction  of 
the  armature,  which  is  the  least  easy  part  to  understand  from 
written  descriptions  or  diagrams.     In  Professor  Silvanus  Thomp- 
son's book  on  dynamo  machines  the  diameter  of  the  armature  is 
given  at  nearly  twice  its  breadth.     While  this  is  true  of  the 
smaller  machines,  in  the  2,500  machine — ^which  is  the  standard 
size  for  large  stations,  and  is  the  size  employed  in  the  new  station 
in  Sardinia  Street  in  London — the  length  of  the  drum  is  con- 
siderably greater  than  the  diameter.     The  drum  itself  is  formed 
of  thin  iron  plates,  just  like  an  Edison  armature,  only  of  larger 
diameter ;  and  as  the  iron  near  the  centre  is  useless,  holes  are 
punched  in  the  sheets,  which  lightens  the  armature  and  secures 
ventilation.     Eound  the  outside  of  this  iron  core,  and  over  the 
two  ends,  insulation  is  laid.     As  regards  the  coils  of  wire  in  which 
the  current  is  generated,  they  are  made  in  this  way : — Beginning 
at  the  inner  side  of  the  coil,  the  wire  is  wound  on  an  oblong 
frame  to  correspond  with  the  shape  of  the  field  magnets,  one 
turn  on  the  top  of  the  other.     The  coils  are  only  one  wire  thick; 
— that  is,  there  is  only  one  layer  of  wire  between  the  drum  and 
the  field  magnets.     When  these  thin  flat  coils  are  laid  on  the 
drum,  the  round  ends  of  the  coils  are  turned  down  at  right  angles 
over  the  edge  at  each  end  of  the  drum,  and  the  connections  from 
coil  to  coil  are  made.    A  small  piece  of  wood  screwed  into  the 
side  of  the  drum,  and  projecting  over  the  end  of  each  coil,  keeps 
it  in  its  place.    When  all  the  coils  are  fixed  in  their  places,  sheets 
of  mica  are  laid  over  them  all  round  the  armature,  and  bands  of 
fine  wire  with  a  little  thicker  insulation  underneath  them  are 
bound  round  the  whole  armature  at  short  intervals,  in  exactly 
the  same  way  as  is  usual   with   the  armatures  of  continuous- 
current  machines.     An  armature  made  in  this  way  has  perhaps 
rather  an  amateurish  look  about  it,  but  there  is  no  doubt  that 
they  work  well  in  practice  and  give  excellent  results*     It  is 
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further  worth  noting  that  as  the  field  magnets  are  long  and 
narrow — ^a  ratio  of  at  least  10  to  1  in  the  large  machines — they 
cannot  be  very  economical  as  far  as  exciting  current  is  concerned. 
Still,  since  the  exciting  current,  anyhow,  bears  such  a  small  ratio 
to  the  energy  which  the  machine  will  transform  into  electric 
current,  this  is  not  a  very  material  point* 

The  mains  are  run  from  the  dynamos  to  the  switch-board  in 
troughs  cut  in  the  joists  supporting  the  floor,  which  is  made  to 
take  up  over  these  troughs. 

The  switch-board  at  Pittsburg  consisted  of  a  wooden  frame 
boarded  over,  about  9  feet  high  and  12  or  14  feet  long,  and  standing 
about  3  feet  from  the  wall,  so  as  to  give  room  to  go  behind  and 
make  the  connections*  This,  I  may  say,  is  the  usual  way  of 
arranging  switch-boards  in  America. 

The  general  type  of  switch  used  in  America  for  alternating- 
current  work — and  it  is  not  confined  to  the  Westinghouse 
Company — is  exceedingly  simple  in  construction  and  operation,  as 
well  as  efficient.  In  general  principle  it  is  like  an  ordinary 
tobacco  chopper.  To  the  top  of  a  small  upright  a  lever  is  hinged, 
terminating  in  an  insulated  handle.  The  metal  part  of  this  lever 
has  a  hatchet-shaped  projection  cast  on  it,  projecting  in  the 
same  plane  as  the  motion  of  the  lever.  When  the  lever  is  pulled 
down  the  hatchet-shaped  piece  sticks  in  between  two  spring  pieces 
set  up  to  receive  it,  and  so  makes  contact.  If  the  lever  has  twa 
hatchet-shaped  pieces  attached  to  it  opposite  each  other,  and 
engaging  in  spring  pieces  on  either  side,  according  as  the  handle- 
is  thrown  over  in  one  direction  or  the  other,  we  have  a  two-way 
switch.  Unite  two  of  these  levers  together  by  a  cross  bar  of 
insulating  material,  with  a  handle  in  the  middle,  and  we  have  a 
double-pole  two-way  switch.  Place  a  spring  in  the  columns  holding 
the  hinges  on  which  the  levers  turn,  to  throw  down  the  levers 
when  nearing  the  spring  contact-pieces  on  either  side,  and  we 
have  the  complete  article.  These  switches  were  all  mounted  on 
wooden  bases.  In  fact,  I  saw  no  slate  used  in  America  anywhere 
for  such  purposes,  except  at  the  Electric  Club  in  New  York.  In 
the  new  Westinghouse  Station  in  Sardinia  Street,  however,  the 
whole  of  the  switches  are  mounted  on  enamelled  slate,  and  very 
nice  they  look. 
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One  exciter  is  used  for  several  machines;  each  exciter  has  a 
resistance  in  its  field  magnets,  which  can  be  varied.  There  is, 
moreover,  a  separate  resistance  in  the  field-magnet  circttit  of  each 
alternating  machine,  so  that  the  E.M.F.  of  the  machine  can  be 
varied  while  its  speed  remains  constant. 

Double  throw-over  switches  are  connected  so  that  each  alter- 
nating-current machine  can  be  connected  to  either  of  two  exciters, 
and  BO  that  any  main  circuit  can  be  run  firom  any  machine.  The 
general  principle  followed  is  to  keep  the  machines  at  work  as 
fully  loaded  as  possible.  Thus  in  the  day  many  circuits  will  be 
run  oflf  one  machine,  but  as  evening  comes  on  they  will  one  bj 
one  be  taken  oif  and  put  on  other  machines.  The  throwing  over 
is  so  quickly  done  as  to  only  just  cause  a  perceptible  flicker  in  the 
lights.     All  these  switches  were  bare  and  unprotected. 

I  did  not  hear  or  see  much  of  the  method  of  running  two 
separate  machines  parallel  on  the  same  circuit.  Whatever  zna} 
be  done  in  isolated  instances,  it  does  not  appfear  to  be  practised 
generally ;  indeed,  with  the  American  system  of  running  a  nnmber 
of  small  circuits  instead  of  fewer  heavy  ones,  the  desirability  of 
doing  so  does  not  often  come  in. 

I  should  like  to  endorse  here  what  I  see  Professor  Greo.  Forbes 
said  in  his  paper  on  foreign  central  stations  with  regard  to  feeders. 
The  area  which  can  be  economically  supplied  from  a  centisl 
jBtation  has  certainly  been  greatly  increased  by  the  adoption  of 
1,000  or  2,000  volts  instead  of  100.  But  at  the  same  time  our 
notions  of  the  area  which  can  be  supplied  from  one  centre  have 
•experienced  a  corresponding  growth. 

If,  then,  such  an  increased  area  is  supplied  on  a  high-tension 
■system  from  one  centre,  we  have  as  great,  or  nearly  as  great,  fiiUs 
of  potential  to  deal  with  as  if  the  low-tension  system  were  used 
over  a  correspondingly  smaller  area. 

To  secure  the  highest  class  of  lighting,  therefore,  together  vith 
the  flexibility  desirable  in  an  installation  lighting  a  large  area, 
the  whole  of  the  outside  work  should  be  based  on  as  complete  and 
carefully  designed  a  set  of  feeders  as  from  our  present  knowledge 
we  should  employ  with  a  low-tension  system.        ^  , 

On  many  of  the  Westinghouse   feeders  lighling  at  great 
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distances,  there  is  a  fall  of  potential  of  as  much  as  10  per  cent. 
To  avoid  pilot  wires  an  indicator  is  used,  which,  I  think.  Professor 
Forbes  has  already  described  here.  There  is  no  regular  voltmeter 
for  driving  the  machines  by,  but  an  indicator  is  used  with  but 
one  single  mark  on  the  dial.  When  the  machine  is  giving  the 
voltage  which  is  required  at  the  further  end  of  the  feeder  to  keep 
the  lamps  at  their  proper  brightness,  the  hand  of  the  indicator 
will  be  right  over  the  mark  on  the  dial.  Thfe  loss  in  the  feeder 
will,  of  course,  differ  according  to  the  current  flowing  through  it ; 
so,  to  allow  for  this,  a  compensator  is  attached  to  the  indicator. 
The  main  current  flows  through  the  compensator,  which  is 
arranged  to  cause  a  slight  back-pull  on  the  needle  of  the 
indicator;  this  pull  becomes  greater  as  the  current  increases. 
As  the  current  increases,  therefore,  a  slightly  higher  voltage 
on  the  machine  will  be  necessary  to  keep  the  needle  in  its  place. 
The  instruments  have,  of  course,  to  be  made  so  that  they  can  be 
adjusted  to  the  calculated  requirements  of  each  feeder.  When 
once  set  right,  however,  their  operation  is  simple  enough. 

The  Westinghouse  Company  also  use  a  piece  of  apparatus 
containing  an  adjustable  converter,  which  enables  them  to  supply 
current  from  the  same  machine  to  two  feeders  having  a  different 
fall  of  potential. 

The  Thomson-Houston  Station  in  New  York  is  situated  in 
Twenty-Fourth  Street  East,  near  the  river,  and  occupies  what  was 
formerly  a  large  sugar  refinery.  It  is,  therefore,  a  building  of  the 
warehouse  class,  but  very  strongly  built.  I  was  told  that  this 
station  was  neither  so  large  nor  so  well-arranged  as  their  station 
in  Brooklyn,  but  the  latter,  I  regret,  I  had  not  time  to  see.  Two 
boilers  struck  me  here  as  out  of  the  ordinary  patterns.  The 
simplest  way  to  describe  them  is,  I  think,  to  consider  them  as 
large  locomotive  fire-tube  boilers  set  on  end.  The  tubes  are 
about  15  feet  long,  and  the* water  line  is  about  10  feet  up  the 
tubes.  This  gives  a  considerable  steam  space  above,  through 
which  the  fire  tubes  pass,  superheating  the  steam  generated,  and 
thoroughly  drying  it.  At  first  sight  one  might  suppose  -this  an 
Uneconomical  pattern,  as  the  heated  gases  pass  so  quickly  into 
the   flue.    But  the  gases  appear  to   give  out  their  h6at  ij^elf,'^ 
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for  Mr.  Foster,  the  station  superintendent,  told  me  the  tem- 
perature of  the  gases  going  into  the  flue  was  not  above  550 
degrees  Fah.    The  lower  portion  of  this  boiler  is,  however,  the 
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Boiler  with  Tubes. 

interesting  part.  I  cannot  very  well  describe  it  without  the  aid 
of  a  diagram.  The  outer  shell  of  the  boiler  is  expanded  out  and 
prolonged  about  a  couple  of  feet  below  the  tubes.  It  is  turned 
up  at  the  bottom,  and  united  all  round  to  the  crown  plate  of  the 
boiler,  into  which  the  lower  ends  of  the  tubes  are  expanded.  This 
prolongation  of  the  shell  then  forms  a  circular  hollow,  or  chamber, 
about  2  feet  deep.  The  internal  space  enclosed  by  this  hollow 
chamber  forms  the  fire-box  or  furnace,  and  is  about  6  feet  in 
diameter.  Any  sediment  collects  in  the  hollow  chamber,  and  can 
be  taken  out  at  manholes.  There  were  two  of  these  boilers  in 
use,  and  it  was  in  contemplation  to  increase  their  number. 

The  engine — and  there  is  only  one — which  furnishes  power 
to  this  station  is  a  large  compound  condensing  Corliss  engine; 
the  two  cylinders  being  in  tandem.  It  is  a  very  fine  piece  of 
work  of  its  class.     It  drives  on  to  a  large  fly-wheel  with  a  smooth 
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.  face  of  about  60  inches  breadth.  This  fly-wheel  transmits  its  power 
^  to  a  line  of  countershafting,  which  is  arranged  on  the  floor  above, 
by  means  of  a  large  leather  belt  58  inches  broad  and  of  great 
thickness.  I  think,  in  all,  seventeen  machines  are  run  firom  this 
line  of  countershafting — fifteen  554ight  arc  machines  and  two 
alternating-current  machines ;  in  this  case  the  machines  are  on 
the  same  floor  as  the  countershafting.  The  general  construction 
of  the  Thomson-Houston  alternating-current  machines  is  on  the 
same  lines  as  those  of  the  Westinghouse  Company.  The  main  dif- 
ference is  that  instead  of  the  ends  of  the  coils  on  the  armatures 
being  turned  over  the  edge  of  the  core,  as  in  the  Westinghouse 
machine,  the  armature  has  a  sort  of  prolonged  lip  all  round  the 
outside  at  each  end,  and  the  ends  of  the  coils  lie  flat  on  this 
instead  of  being  turned  over.  To  their  smaller  machines,  also, 
the  Thomson-Houston  Company  frequently  add  a  commutator, 
and  commute  part  of  the  current  to  excite  the  field  magnets,  as 
Messrs.  Zipemowski,  Deri,  and  Blathy  are  in  the  habit  of  doing. 
The  switch-board  here  is  on  much  the  same  lines  as  I  have  already 
described.  It  was  all  quite  open  and  exposed ;  but  I  was  told  that, 
in  view  of  an  accident  which  had  happened  there  a  short  time 
before,  they  proposed  to  cover  the  exposed  parts  up. 

This  way  of  leaving  the  working  parts  of  high-tension 
alternating-current  switch-boards  exposed  is  not  confined  to 
American  manufacturers :  a  good  deal  of  the  Continental  work  is 
even  worse.  Yet  all  the  different  patterns  of  switches  and  con- 
verters could  be  protected  at  a  moderate  cost,  and  by  the  exercise 
of  a  very  moderate  amount  of  skill  and  ingenuity.  I  cannot  help 
thinking  that  not  to  do  so,  to  save  money  in  this  direction,  is 

false  economy. 

Isolated  Plants. 

Let  us  now  turn  for  a  few  moments  from  central  stations  to 
what  are  called  "  private  installations  "  in  this  country  and  "  iso- 
^^  lated  plants "  in  America.  I  have  already  spoken  of  internal 
construction  work,  or  wiring  and  fittings,  in  connection  with  central 
stations.  With  isolated  plants  there  is  not  much  difference.  Of 
course  the  character  of  the  work  differs  greatly  in  different  places, 
as  it  does  here ;  but,  taking  it  as  a  whole,  I  don't  think  it Js  equal 
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ta  our  standard,  whether  from  lEtn  engiiieeruig  or  artistic  point  oi 
view.     I  noticed,  by  the  way,  that  there  is  a  much  greater  ten- 
dency to  turn  incandescent  lamps  upwards  in  fittings,  like  gas  jets, 
instead  of  downwards,  as  with  us  the  majority  of  lamps  are  turned. 
Isolated  plants  are  driven  by  steam  and  gas  engines,  located 
in  cellars  and  basements,  exactly  like  they  are  here.    As  you  are 
aware,  accumulators  are  not  so  generally  used ;  I  only  saw  the  set 
at  the  New  York  Electric  Club.    With  respect  to  dynamos,  the 
Americans    have  been   fully   alive  to  the    developments,  both 
theoretical  and  practical,   in  our  kaowledge  of  the   magnetic 
circuit  which  have  taken  place  during  the  last  four  or  five  yean, 
and  all  their  modem  machines  appeared  to  me  fairly  up  to  date 
in  this  particular.    What  I  may  be  permitted  to  call  the  Edison- 
Hopkinson  type,  the  Kapp  type,  the  Manchester  type,  and  the 
Weston  type^^he  latter  with  two  magnets,  placed  horizontally— 
appear  to  be  the  favourites,  just  as  they  are  here,    '^e  constrae* 
tion  and  workmanship  of  the  machines  appeared  to  be  much  on  a 
par  with  our  own ;  there  is  little  to  choose  between  in  one  or  the 
other.    As  to  the  way  the  installations  are  run,  judging  by  that 
crucial  practfical  test^  the  look  of  the  commutator  md  bmshes, 
it  is  much  the-aame  as  here ;  certainly,  I  think,  on  the  whole,  not 
better.    The  lamps,  as  a  rule,  I  did  not  find  any  steadier,  nor  are 
they  kept  nearer  their  proper  voltage  than  they  are  here.    This 
applies  to  arc  Is^nps  as  well  as  incandescent :  there  is  no  magic 
about  arc  lamps  over  on  the  other  eidef  of  the  water;  they  are 
subject  to  the  same  vicissitudes  and  unce^ainties  as  they  are 
here,  and  do  not  bum  steadier  than  those  in  any  moderate^a»d 
statitdu  here  where  the  appliances  are  such  that  the  lamps  get 
a  Mr  chance. 

The  switch-boards  in  these  private  installations  are  nearly 
always  mounted  on  wood,  and  there  is  even  a  disposition  to  cut 
things  fine  in  the  strength  and  solidity  of  these  wooden  ^  base* 
boards,  somewhat,  as  •  it  seemed  to  me  in  one  or  two  instances,  at 
the  expense  of  efficiency  and  lasting  qualities. 

Electrical  Tramways. 
Such  very  full  accounts  have  been  published  of  everythiflg 
that  has  been  done  in  this  direction,  that  there  is  really  Utile  I 
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can  add  to  them.  In  the  Electrical  World  for  October  19th  there 
is  pnblished  a  table  of  the  electrical  tramways  in  actual 
operation  and  wnder  contract  in  the  United  States.  The  total 
xnileage  of  both  is  1,260  miles,  with  1,884  cars,  on  179  roads.  Of 
this,  716  miles  were,  it  appears,  actually  being  operated  by 
electricity  at  the  date  of  the  return,  and  544  miles  were  under 
contract.  Of  this  total,  21  miles  were  worked  by  cars  with  storage 
l)atterles,  and  all  the  rest,  with  the  exception  of  two  or  three  miles, 
by  overhead  conductors. 

Nothing  can  be  simpler  than  the  way  these  overhead  con- 
ductors are  put  up.  Two  lines  of  posts,  about  20  feet  high,  are  set 
np  opposite  each  other,  one  on  each  side  of  the  street ;  light  steel 
veires  are  run  across  from  one  to  the  other ;  a  small  iron  holding- 
piece  is  attached  to  the  centre  of  the  steel  suspender,  a&d  this 
holding-piece  carries  a  bare  hard-drawn  copper  wire,  along  which 
the  current  flows,  returning  by  the  rails.  Where  feeders  are 
used,  they  run  along  one  side  of  the  street,  and  connections  are 
made  at  intervals  with  the  central  wire.  The  way  the  conductor 
is  carried  round  comers  is  on  a  par  with  the  rest  of  the  work. 
Posts  are  set  at  the  further  comers  of  the  street,  and  from  each 
of  these  two,  three,  or  four  steel  wires  are  run  at  an  angle  with 
each  other,  meeting  corresponding  wires  run  from  posts  on  the 
inner  side  of  the  curve.  In  this  way  the  wire  is  made  to  take 
the  form  of  part  of  a  rough  polygon,  while  the  horizontal  and 
vertical  movements  of  the  fishing-rod  connector  on  the  car  are 
suffieiently  ample  to  keep  the  contact-wheel  on  the  wire  when, 
the  car  is  going  round  a  comer. 

This  method  of  erection  does  not  look  very  nice,  certainly, 
but  it  appears  to  answer  the  purpose  well.  Such  work  could, 
I  think,  be  more  solidly  carried  out  here  for  about  £70  a  mile. 
In  a  few  places  standards  with  projecting  arms  placed  in  the 
centre  of  the  street  have  been  used  for  carrying  the  overhead 
conductor.  If  neatly  constructed,  there  is  no  reason  why  these 
should  be  unsightly,  and  they  can  be  used  for  the  further  pur- 
pose of  lighting  the  streets. 

A  great  point  about  these  electrical  tram-cars  is  the  way  in, 
which  their  speed  can  be  varied.    They  can  be  run  ^t  three  or 
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four  miles  an  hour  in  crowded  streets  and  while  turning  comers ; 
or  in  broad  roads  in  suburbs  where  there  is  not  much  carriage 
traffic,  the  pace  can  be  increased  to  16  miles  an  hour.  The 
cars  are  stopped  very  quickly  and  reversed,  and  will,  of  course, 
run  either  way  on  the  same  track. 

The  companies  claim  a  reduction  of  50  per  cent,  in  the  cost 
of  working  over  the  employment  of  horses,  putting  aside  all  the 
extra  facilities  which  the  electrically  propelled  car  gives.  A  very 
noticeable  point  about  all  electrically  propelled  cars  is  the  quiet 
and  gradual  manner  in  which  they  start  and  come  to  rest,  and 
the  evenness  of  their  motion  while  running.  In  these  points 
they  greatly  surpass  both  cables  and  horses.  I  took  the  oppor- 
tunity of  talking  with  a  good  many  members  of  the  general 
public  in  the  train  and  hotels  about  the  working  of  these  cars. 
There  is  no  doubt  that  the  outside  public  thoroughly  appreciate 
them  and  understand  their  value.  At  present  electrical  tramway 
work  is  the  most  "  live "  branch  of  the  electrical  indostry 
in  the  States,  and  everyone  connected  with  it  was  full  of 
buoyancy  and  hope  at  its  future  prospects.  It  is  really  sad  to 
think  that,  after  all  the  skill  and  care  which  has  been  lavished  on 
electrical  tramway  work  here,  it  should  be  dragging  along  in  such 
a  half-hearted  and  pottering  fashion. 

Conclusion. 

While  in  America,  through  the  kindness  of  Mr.  Lockwood  I 
had  an  opportunity  of  going  over  the  telephone  exchange  system 
of  New  York  with  him,  and  of  seeing  the  Courtland  Street 
Exchange,  which  contains  more  than  3,500  subscribers,  and  is 
capable  of  extension  to  double  that  number.  I  also  visited  the 
Western  Electric  Company's  factories  both  in  Chicago  and  New 
York,  where  all  the  telephonic  apparatus  for  use  in  the  States 
is  made.  Although  a  description  of  the  present  state  of  this 
industry  would  properly  come  under  the  heading  of  my  paper, 
seeing  that  the  paper  has  already  extended  to  such  length,  and 
that,  owing  to  circumstances,  telephony  is  a  matter  of  compara- 
tively limited  interest  here,  however  important  in  itself,  I  will  not 
say  more  about  it,  but  will  conclude  with  a  few  general  remarks. 
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In  the  early  portion  of  this  paper  I  endeavoured  to  convey  an 
idea  of  the  roughness  and  crudeness  of  American  outside  construc- 
tion work.  After  reading  over  the  proofs'  of  the  paper,  I  do  not 
think  I  have  overdrawn  the  picture ;  rather  it  is  underdrawn,  if 
anything.  At  the  same  time,  I  do  not  wish  it  in  any  way  to  be 
understood  that  American  engineers  are  necessarily  rough  and 
untidy  in  their  ideas,  and  incapable  of  diflferent  work.  Putting  aside 
their  electrical  plant,  the  numbers  of  beautiful  tools,  crowned  by 
the  latest  pattern  of  the  phonograph,  which  come  over  here  from 
America,  point  to  an  entirely  different  conclusion.  In  accuracy 
of  workmanship  and  careful  finish,  when  they  consider  it  suits 
their  purpose,  the  Americans  are  our  equals,  if  not  our  superiors : 
the  difference  lies  in  the  fact  that  our  ideas  often  differ  from 
theirs  as  to  where  this  accuracy  and  careful  finish  should  come  in. 
English  engineering  would  hardly  dare  to  appear  before  its  fellow- 
citizens  as  the  responsible  owner  and  designer  of  such  a  terrible 
eyesore  as  American  outside  work  is ;  but  the  American  engineer 
appears  to  look  at  it  from  a  different  point  of  view.  It  is  not  his 
business  to  think  of  his  fellow-citizens.  Each  of  his  fellow- 
citizens,  he  considers,  is  quite  competent  and  capable  of  taking 
care  of  himself.  It  is  the  business  of  the  electrical  engineer  to 
forward  and  extend  the  applications  of  electricity.  If  in  doing 
this  he  does  anything  disagreeable  to  his  fellow-citizens,  it  is  for 
them  to  protest  when  it  becomes  intolerable  to  them,  not  for  him 
to  think  of  it  beforehand. 

And  I  would  like  you  to  try  and  think  for  yourselves,  and 
really  feel  the  enormous  facilities  which  American  engineers  have 
in  the  past  enjoyed,  and  still  enjoy,  in  extending  their  business, 
by  simply  being  allowed  to  erect  open  wires  everywhere  through 
the  streets.  Even  where  wires  are  now  being  put  underground, 
they  are  largely  put  underground  in  order  to  carry  on  existing 
work  and  to  extend  it,  not  merely  to  take  advantage  later  of 
what  may  chance  to  turn  up  on  the  route. 

Besides  this,  we  have  all  had  it  drilled  into  us  by  this  time 
that  it  does  not  matter  how  perfect,  how  desirable,  how  useful 
a  thing  is  likely  to  be,  before  it  can  come  into  general  use  the 
public  have  got  to  be  educated  up  to  it,  to  see  it,  and  feel  its 
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desirability  and  utility,  and  its  practicability — to  understand  it 
each  man  for  himself.  Now  the  American  system  of  overhead 
wires  and  cheap  line  construction,  bad  as  it  may  be  in  itself,  has 
from  the  very  first  brought  electricity  home  to  everybody,  right 
to  their  very  doors,  not  so  much  as  a  luxury,  but  as  a  practical 
desirable  factor  of  everyday  life,  an  attraction  to  public  resorts 
and  a  good  advertisement  for  business.  Consequently  electricity 
is  in  America  no  more  a  wonder,  but  a  feet  of  everyday  life  to 
an  extent  that  it  is  not  yet  here. 

Looking  at  their  plant,  looking  at  their  apparatus,  and  looking 
at  the  facilities  which  Americans  have  enjoyed  for  extended  prao 
tical  experiments  on  a  large  scale,  it  does  not  appear  to  me  that 
their  actual  achievements,  simply  from  an  engineering  and 
scientific  point  of  view,  have  been  greater  tJian  ours  have,  in  spite 
of  the  apathy  on  the  part  of  the  public  and  investors  with  which 
we  have  had  to  contend.  But  the  fact  remains  that  they  have 
done  more  business  than  we  have,  even  considering  the  difference 
in  population. 

Of  what  work  we  have  done  so  far,  Englishmen  may  feel 
justly  proud,  and  with  better  times  I  trust  we  may  still  be  able 
in  friendly  rivalry  to  show  that  we  are  competitors  worthy  of 
America's  best  mettle. 

Seident  '^^^  PRESIDENT:  The  great  extent  of  the  subjects  touched 

upon  in  this  paper  is  such  that  I  am  sure  we  all-  feel  that  more 
than  what  remains  of  this  evening  will  be  required  for  its 
discussion,  and  it  is  proposed  to  continue  the  discussion  at  our 
next  (the  Annual)  Meetings  on  December  12th.  Before  that  date 
a  complete  print  of  Mr.  Addenbrooke's  paper  will  be  in  the  hands 
of  the  Secretary,  ready  for  distribution,  upon  application,  to  those 
desiring  copies.  We  have  some  time  still  for  discussion  this 
evening,  and  I  hope  the  membera  of  the. Institution  will  use  it  by 
giving  their  views  upon  the  communication  which  has  been  read. 

proj^r  Professor  G.  Forbes  :  The  feeling  which  I  have  had  during 

the  whole  time  of  listening  to  this  interesting  paper  has  been 
one  of  admiration  of  the  realistic  way  in  which  Mr.  Addenbrooke 
has  brought  before  us  a  thoroughly  good  idea  of  the  way  i» 
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iHrMcli  electric  light  ^ork  is  done  in  the  United  States.    I  must  |;~^= 
day   that  one  can  see  in  the  face  of  it  that  it  is  a  very  exact 
representation — anyone  can  see  that — and  I  can  bear  witness  to 
it  a8  recording  exactly  the  condition  of  affairs  when  I  was  there 
last,  which  is  nearly  eighteen  months  ago ;  and  apparently  there 
lias  been  but  very  little  change  in  the  general  way  of  working 
from  the  time  when  I  was  there.    It  seems  to  me  to  be  very 
much  the  same ;  and  in  that  part  of  the  paper  which  deals  with 
the   general  modes  of   construction  and    working    of   electric 
systems,  whether  it  be  arc  or  incandescent,  I  must  say  that  I 
thoroughly  endorse  the  opinions  that  Mr.  Addenbrooke  expresses. 
It  is  a  very  clear  and  good  account  of  the  work.     It  is  un- 
doubtedly true  what  he  has  said  in  his  concluding  remarks — that 
their  general  modes  of  construction  are  rough-and-ready,  and  are 
an  eyesore,  and  may  sometimes  lead  to  dangerous  results.    But 
although  they  are  rough-and-ready  in  manner,  the  country  is  one 
which  feels  that  they  want  to  extend  these  modem  development* 
as  quickly  as  possible,  and  that  if  they  waited  to  do  it  in  the 
expensive  way  in  which  we  are  accustomed  to  consider  necessary, 
it  would  be  a  long- time  before  the  same  extension  would  be  made 
to  outlying  districts ;  it  exists  at  the  present  moment  even  in  the 
far  West  of  America.    As  Mr.  Addenbrooke  has  pointed  out,  it  is 
just  the  same  as  regards  the  American  railways :  when  we  travel 
on  them  we  are  accustomed  to  say  that  an  English  engineer 
would  not  build  such  a  railway — such  light  work,  and  generally 
such  bad    permanent   way,  comparatively  ;    but   an  American 
immediately  answers  you  :  ^^  Look  at  the  thousands  of  miles  that 
**  we  have  to  cover,  the  enormous  distances  that  we  have  to  go ; 
^  if  we  had  put  down  the  whole  ol  our  railways  in  the  same 
^  substantial  and  expensive  manner  as  you  have  in  England,  we 
^  should  not  have  one-fourth  of  the  facilities,  and  the  trade  of 
^  the  country  would  not  have  reached  the  present  position  that 
«  it  has." 

In  the  whole  of  this  paper  I  do  not  see  that  there  is  anything 
to  criticise,  or  to  add  to,  in  the  matter ;  and  I  can  only  congratu- 
late the  Society  on  having  the  condition  of  things  so  forcibly, 
brought  to  their  mind.   I  think  we  are  on  the  right  track  certainly^ 
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p«)fe«or  but  we  do  want  our  outdoor  work  certainly  more  substantially, 
securely,  and  pennanently  erected,  and  we  shall  be  all  the 
better  in  the  end  for  the  reminder.  We  have  been  very  slow 
in  beginning  our  central  station  work  on  a  large  scale,  but  now 
that  we  have  begun  it,  we  are  doing  it  pretty  thoroughly,  and  I 
do  not  think  it  will  be  long  that  the  United  States  can  say  that 
they  are  far  ahead  of  us  in  this  branch  of  the  practical  applications 
of  electricity. 

I  have  said  that  in  the  descriptions  which  Mr.  Addenbrooke 
has  given  us  I  have  seen  very  little  difference  from  the  condition 
that  things  were  in  when  I  was  last  in  America,  and  yet,  in  the 
correspondence  I  have  with  friends  over  there,  I  am  continually 
hearing  of  very  great  strides  that  are  being  made ;  and  I  had 
hoped  that  I  should  have  seen  in  the  paper  some  account  of 
some  further  advances,  though,  however,  I  must  say  I  did  not 
expect  much  new  information  in  the  allusion  to  electrical  tram- 
ways. When  I  was  over  there,  there  were  very  few  electrical 
tramways,  and,  curious  enough,  I  was  more  often  in  an  electric 
tramway  driven  by  accumulators  than  I  was  on  electric  tramways 
driven  otherwise.  On  three  separate  occasions — in  Boston,  Phila- 
delphia, and  New  York — I  travelled  on  tram-cars  driven  by 
accumulators,  and  I  was  only  on  one  driven  otherwise.  Those 
were  all  mostly  experimental,  whereas  now  it  is  totally  the 
other  way. 

I  had  hoped  that  Mr.  Addenbrooke  would  have  been  able  to 
give  us  some  information  on  the  advances  in  America  in  certain 
details  which  are  interesting  us  at  the  present  moment  very 
much  indeed.  I  would  specially  mention  the  question  of 
motors,  and  particularly  alt^wmating-current  motors.  We  have 
all  heard  a  very  great  deal  of  what  is  being  done,  but  tie 
accounts  that  come  to  us  are  generally  filtered  through  various 
media,  and  we  would  have  liked  to  have  had  some  direct 
description  from  the  United  States  of  what  is  being  done  by 
means  of  the  alternating-current  motor.  I  see  that  lately 
M.  Zipemowski  has  started  his  large  station  for  motor  work, 
and  that  really  seems  to  be  a  more  practical  thing  than  any  of 
the  alternating  current  motor  work  that  we  have  accurate  in- 
formation of  from  America.  ^ 
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Also,  I  should  have  liked  to  have  heard  something  more  Professor 
about  the  practical  use  of  meters  in  the  United  States,  especially 
for  altematipg-current  work.  The  use  of  the  Edison  meter  we 
are  perfectly  familiar  with,  and  we  know  how  very  largely  it  is 
used  in  America ;  but  the  alternating-current  meters  have  only 
lately  been  used,  and  I  would  have  been  glad  if  Mr.  Adden- 
brooke  would  have  told  us  to  what  extent  they  are  being  used, 
and  how  the  difficulties  of  using  meters  are  being  met. 

One  of  the  chief  difficulties  in  using  meters  which  we  always 
conie  across  when  we  are  thinking  about  putting  them  in,  is 
their  small  range ;  and  if  the  meter  has  only  a  range  of  10,  or 
12,  or  lo,  as  is  generally  the  case,  there  is  a  difficulty.  One 
meter  will  register  from  one  lamp  to  12  lamps,  but  what  are  you 
to  do  between  that  and  100  lamps?  Are  you  to  begin  with 
registering  only  eight  or  nine,  and  leave  the  first  eight  or  nine 
without  record  ?  or  what  is  to  be  done  ?  These  are  the  points 
on  which  I  think  it  would  be  interesting,  if  there  is  any  informa- 
tion from  America,  to  have  it  given  us. 

There  is  one  feature  in  American  factories  which  I  noticed 
when  I  was  over  there,  and  from  what  I  have  heard  from  friends 
in  America  since,  I  know  has  been  extended  still  more,  about 
which  also  I  think  some  information  might  well  have  been  given 
us,  and  that  is  about  the  enormous  amount  of  time  and  money 
that  has  been  spent  in  the  factories  upon  tests. 

The  laboratories  of  all  the  large  manufacturing  companies 
are  splendid  establishments,  and  I  know  that  since  I  was  there 
in  most  of  these  the  system  of  accurate  testing  has  been  in- 
creased very  much  indeed ;  and  it  would  have  been  useful  to 
draw  attention  to  this  fact,  because  in  this  country  it  is  too 
often  the  case  that  it  is  not  done — there  is  not  sufficient  test- 
ing. I  will  mention  one  point  in  which  I  have  noticed  the 
difference  very  much  indeed,  and  that  is  in  the  testing  of  con- 
verters. I  do  not  think  any  converters  in  this  country  have 
been  put  through  a  really  thorough  set  of  tests  for  all  the 
different  sizes  of  converters  that  are  made,  and  for  dififerent  out- 
puts, and  I  know  that  it  is  due  to  the  careful  tests  that  have 
been  made  upon  the  other  side  that  the  converter  which  are  in_ 
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Professor     use  over  there  are  so  much  more  efficient  than  many  of  those 

Forbes.  ,  .  ,  .  ,  .        .  , 

which  are  m  use  on  this  side. 

I  am  glad  that  Mr.  Addenbrooke  has  drawn  attention  to  the 
importance,  which  has  been  overlooked  so  much,  of  having  onr 
mains,  even  on  high-tension  alternating-current  systems,  sup- 
plied by  feeders.  I  believe  there  is  not  a  single  central  station 
in  this  country  of  high-tension  alternating-current  distribution 
in  which  feeders  are  employed.  In  America,  I  think  that  with 
every  large  central  station  feeders  are  employed  as  uniformly 
with  them  as  they  are  on  the  low-tension  system. 

There  is  only  one  other  question  I  would  like  to  have  had 
some  information  from  Mr.  Addenbrooke  about,  and  that  is  with 
regard  to  one  class  of  underground  wiring,  which  I  am  not  quite 
able  to  recognise  from  the  description  he  gave.  I  should  be 
glad  if  he  would  tell  us  what  is  the  type  of  cable  which  he  has 
described :  probably  I  shall  know  it  by  some  other  name. 

Mr.  Gr.  L.  Addenbrooke  :  The  Calder. 

Professor  Gr.  Forbes  :  I  do  not  recognise  it. 
Mr.  Mr.  H.  C.  Donovan:  I  hoped  that  Mr.  Addenbrooke  would 

Donovan.  ^ 

have  dwelt  more  fully  on  the  atmospheric  conditions  of  the 
American  climate.  The  extraordinary  dryness  of  the  air  naturally 
renders  certain  precautions  as  to  insulation  utterly  unnecessary  in 
the  northern  parts  of  the  United  States  and  Canada.  A  common 
blue  glass  insulator  stuck  on  to  a  piece  of  deal,  and  that  nailed 
on  to  a  pine  post,  would,  in  this  country,  and  more  especially  in 
London,  be  soon  a  source  of  very  great  leakage ;  for  be  it  remem- 
bered that  the  conduction  to  earth  would  not  be  through  the 
glass  and  wood,  but  over  the  surface  when  such  surtace  is  damp 
and  dirty.  Therefore,  in  a  dry,  clean  atmosphere,  blue  glass  on 
wood  is  quite  as  serviceable  as  the  finest  porcelain  and  ebonite. 
It  is  quite  natural  to  see  that  a  dry  climate  is  a  premiuna  on 
carelessness  and  rough-and-ready  work. 

What  Mr.  Addenbrooke  has  so  graphically  described  with 
regard  to  electric  lighting  work,  I  have  myself  observed  with 
regard  to  telegraphic  intallations  some  years  ago  in  the  States, 
and  have  heard  many  others  remark  on  the  same  subject.  The 
accepted    opinion    is    that    the    superior    brain-power    of    the 
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Americans  enables  them  to  disregard  insulation,  &c. ;  but,  from  ji^. 
a  process  of  observation  and  reflection,  I  have  come  to  the  "**^*°" 
conclusion  that  it  is  not  superior  brain-power  that  favours 
electrical  enterprise  in  America,  but  climate.  When  on  the 
introduction  of  telephonic  and  electric  lighting  enterprises  in 
this  country,  most  of  the  installations  put  up  by  American 
electricians  soon  proved,  on  account  of  faulty  insulation,  in- 
efficient, the  £Euilt  was  not  in  the  brain-power  of  the  Americans, 
but  due  to  the  English  climate,  which,  one  need  hardly  say,  is 
at  times  damp. 

Mr.  W.  P.  GrRAKViLLE :  Although,  perhaps,  a  little  apart  from  Mr. 
the  immediate  subject  under  discussion,  I  should  like  to  call 
attention  to  the  unsatisfectory  way  in  which  the  insulation  resist- 
ance of  electric  light  mains  is  usually  expressed — that  is,  by 
simply  stating  the  number  of  megohms  per  knot,  irrespective  of 
the  diameter  of  the  conductor.  Now  that  we  have  insulated  wires 
of  such  widely  different  dimensions,  it  seems  necessary  that  the 
dielectric  resistance  should  be  expressed  in  terms  of  the  diameter 
as  well  as  of  the  length  of  the  conductor,  because  its  insulation 
varies  not  only  with  its  length,  but  also  with  its  diameter. 

Professor  S.  P.  Thompson  :  Though  it  is  four  or  five  years  Professor 
since  I  was  in  the  States,  Mr.  Addenbrooke's  paper  brings  out  so  ^°"^p**"* 
forcibly  the  style  of  work  out  of  doors  there  that  I  felt  as  if  I  were 
back  again  in  the  States.  I  am  disappointed  in  that  fact,  because 
I  had  hoped  that  five  years  would  have  made  a  great  difference 
in  the  style  of  outdoor  work  that  was  in  vogue  then  in  America. 
One  thing,  of  course,  is  new  since,  and  that  is  the  use  of  alter- 
nating currents  with  transformers.  In  1884,  when  Professor 
Forbes  lectured  in  Philadelphia  on  alternating  currents,  he  could 
not  find  in  the  whole  of  the  United  States  an  alternating-current 
machine  wherewith  to  illustrate  his  lecture. 

I  should  like  to  refer  to  the  glass  insulators.  I  brought  one 
back  with  me  from  the  States,  and  will  have  it  here  next  meet- 
ing. Though  alike  in  other  respects,  mine  differs  from  Mr. 
Addenbrooke's  in  being  even  more  primitive :  the  piece  of  wood  is 
'  simply  chopped  to  a  rough  point  with  a  hatchet,  and  the  glass 
insulator  is  forced  upon  it ;  there  is  no  screw  on  the  wood.    The 
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Professor     back  of  the  piece  of  wood  is  hollowed  a  little  so  as  to  fit  against 

Thompson. 

any  convenient  tree  trunk.  Incidentally  it  furnishes  an  interest- 
ing illustration  of  the  way  in  which  the  patent  laws  of  the  United 
States  encourage  small  inventions ;  for  there  was  a  special  patent 
taken  out  in  the  States  for  the  manufacture  of  a  wooden  arm  to 
hold  an  insulator,  the  back  of  which  arm  is  hollowed  out  so  as  to 
fit  against  a  tree  trunk ! 

Mr.  Addenbrooke  has  referred  to  the  long  circuits  on  which  arc 
lights  are  used  in  the  evening  as  being  applied  now  in  the  day- 
time for  the  distribution  of  power.  I  wish  he  had  been  able  to 
say  a  little  more,  because  I  want  to  know  what  land  of  motors  are 
used  running  on  long  circuits  of  this  kind.  Are  they  constant- 
current  motors  ?  How  have  they  been  made  to  work  as  constant- 
current  motors  ?  Or  are  they  simply  machines  applied  as 
dynamos — Thomson-Houston  or  other  dynamos — and  nsed  as 
motors  ? 

Mr.  Addenbrooke  makes  the  remark  that  the  lamps  are  made  as 
roughly  as,  or  more  so  than,  the  average  arc  lamps  in  this  conntiy, 
and  yet  one  hears  so  much  about  the  steadiness  of  electric  lights 
on  the  other  side.      I  am  inclined  to  think  that  the  difference  is, 
after  all,  not  in  the  machinery — either  in  the  engines  or  dynamos —  ^ 
or  in  the  rough-and-ready  ways  of  wiring,  or  in  the  design  and 
construction  of  the  mechanism  of  the  lamps  ;    I  am  inclined  to 
think  that  the  main   diflference  lies  rather  in  the  Trien — that  in 
America  the  electrical  engineer  who  has  the  charge  of  a  station, 
or  who  is  perhaps  only  a  lineman,  takes  a  great  deal  more  personal 
pride  in  keeping  his  machines,  his  wires,  and  his  lamps  in  good 
order  than  the  average  engineer  whom  we  can  manage  to  grow  in 
this  country.      The   working  engineers  in  this   country    never 
seem  to  me  to  have  exactly  the  same  amount  of  personal  pride  as 
the  American.    The  American  engineers  will  tell  you  and  enforce 
upon  you  that  their  system  is  the  best  in  the  world,  and  that      j 
there  is  no  equal  to  it.      Every  lineman,  every  fitter,  believes      { 
devoutly  in  the  supreme  excellence  of  the  system  upon  which  he 
is  at  work,  and  will  not  hear  a  word  against  it,  or  in  favour  of  any- 
body else's  ;  he  has  a  personal  pride  in  his  own.    It  is  a  difiference 
of  temperament,  perhaps,  and  may  be  due  to  their  climate — that 
splendid  climate  by  the  side  of  which  ours  is  so  very  dismaU 
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Mr.  J.  Swinburne  :    One  point  Mr.  Addenbrooke  has  not  icr. 

Swinbunie. 

mentioned  is  the  difference  in  the  commercial  management,  or 
tl^e  organisation  of  American  electric  light  businesses.  In 
England  a  firm  is  usually  run  with  one  man  as  a  head,  who 
is  partly  an  electrician,  partly  a  business  man,  partly  an  engineer, 
and  partly  a  commercial  traveller.  In  America  they  separate  all 
these.  The  electrical  man  has  nothing  to  do  but  to  design  appara- 
tus :  he  has  assistants  under  him ;  and  all  the  costs  of  testing, 
and  of  everything  made  experimentally,  are  kept  separate,  and 
are  allowed  for  in  a  separate  account.  When  he  is  designing 
machines,  they  are  not  for  special  orders,  but  simply  for  work 
that  is  going  to  be  put  in  hand  and  made  wholesale.  He  has  to 
perfect  his  dynamo,  and  when  it  is  designed  he  has  nothing 
more  to  do  with  it ;  it  goes  into  the  hands  of  the  superintendent 
of  the  factory,  whose  business  it  is  to  keep  to  the  design  exactly, 
and  make  large  numbers  of  the  machines  without  any  variation 
whatever.  Whenever  work  can  be  done  in  that  way  the 
Americans  can  beat  us,  and  the  reason  is  obvious. 

I  should  like  very  much  to  ask  what  sort  of  thing  the 
Zipemowski  motor  is  that  we  hear  about.  We  have  seen 
accounts  and  pictures  of  it,  but  the  pictures  are  always  care- 
fully arranged  so  that  you  cannot  see  an]rthing. 

Beferring  to  the  insulation  of  cables,  I  wish — and  I  daresay 
a  great  many  other  people  wish — ^that  the  way  of  measuring 
insulation  and  conductivity  of  cables  in  megohms,  per  mile  or 
per  knot,  was  given  up.  If  resistance  is  to  be  used  at  all,  it  must 
be  in  megohm-miles ;  but  I  do  not  see  how  the  diameter  can  be 
taken  into  account,  as  the  leakage  does  not  vary  as  the  surface. 
It  would  make  it  rather  complicated,  and  I  think  it  would  be 
better  to  specify  the  megohm-miles  for  each  particular  conductor 
and  insulation. 

As  regards  central  lighting  generally  in  the  States,  I  think 
we  are  a  good  deal  misled  in  England  by  continually  forgetting 
the  price  of  gas  in  America ;  I  do  not  think  it  really  is  that  the 
Americans  are  so  very  much  ahead  of  us  in  electricity,  but  that 
they  are  lamentably  behind  us  in  coal  gas. 

The   PfiEsmsNT :    K  they   cannot    get   their    oqals_3^jl(3^le 
VOL*  xvm.  55 
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moderate  ezpenae,  they  cannot  get  their  gas  at  a  moderate 
expense. 

Professor  G*.  Forbes  :  There  are  two  kinds — gas  coal  and 
steam  coal. 
The  The  PRESiDEirr :  I  am  sorry  that  I  shall  not  be  able  to  be 

President 

present  this  day  fortnight.  I  should  like  very  much  to  have 
heard  Mr.  Addenbrooke's  reply,  but  I  trust  I  shall  see  it  all  in 
print.  For  myself,  I  must  say  that  I  have  listened  to  his  paper 
with  exceedingly  great  interest.  I  am  sure  it  will  do>mnch 
good  to  us  in  this  country;  it  certainly  is  of  a  highly  stimulating 
character. 

The  very  description  of  what  he  called  "rough-and-ready" 
American  methods  should  be  carefully  weighed  in  our  minds,  so 
as  to  get  whatever  good  we  can  out  of  the  "rough-and-ready'* 
method.  The  business  of  the  world — in  railway  engineering, 
and  a  great  many  other  things  in  commerce  and  colonising— 
has  been  done  by  rough-and-ready  methods,  and  electrical 
engineering  has  certainly  been  promoted  very  largely  in  that 
way.  The  very  beginnings  in  electrical  engineering  were  rough- 
and-ready,  and  if  we  stop  to  attain  too  much  perfection  in 
common  details  we  shall  lose  in  the  race,  or  be  further  behind 
in  the  race  than  we  need  be.  But  when  danger  is  involved  in 
rough-and-ready  methods  they  must  be  restrained,  and  instead, 
every  practicable  precaution,  and  every  attainable  perfection  of 
appliances  to  ensure  safety,  must  be  demanded  of  the  con- 
structor. 

I  quite  agree  with  Professor  Forbes  as  to  the  difficulty  in 
understanding  how  these  currents  could  be  used  for  motors. 

As  to  the  question  which  Mr.  Swinburne  put  to  Mr.  Adden- 
brooke,  I  think  it  a  very  important  one.  We  certainly  are  very 
anxious  to  know,  and  to  know  as  soon  as  possible,  what  practical 
methods  there  are  for  distributing  power  by  electricity.  We 
have  hung  back  a  great  deal  too  long ;  we  ought  to  have  sewing 
machines,  lathes,  and  machines  in  workshops,  all  over  every  place 
that  is  supplied  by  the  electric  light,  now  driven  by  electricity.  As 
to  electric  propulsion  for  carriages,  the  overhead  wires  that  Mr. 
Addenbrooke  has  described  will  be  a  very  great  difficulty  indeed 
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in  this  country  in  the  way  of  electric  traction*  I  would  like  to  5|^^^^ 
ask  him  the  question.  How  is  it  possible,  in  the  towns,  to  have 
the  wires  low  enough  to  give  the  contact  to  the  electric  car,  and 
yet  high  enough  to  be  out  of  the  way  of  things  that  are  often 
carried  through  the  streets,  such  as  highly  loaded  waggons,  fire 
escapes,  and  many  other  things  that  reach  up  much  further  than 
would  be  convenient  for  the  current-catcher  of  the  electric 
tram-car? 

Mr.  G-.  L.  Addenbrooke  :  I  would  have  preferred  answering  Mr.  Adica. 

brooks 

these  numerous  questions  at  the  end  of  the  discussion  next 
meeting.  I  hope  you  will  not  expect  me  to  be  a  sort  of  walking 
dictionary  on  American  engineering  of  all  sorts ;  but  as  far  as 
further  advances  go,  I  rather  put  the  question  on  one  side.  It 
has  been  really,  perhaps,  Professor  Forbes's  special  line  to  have  told 
us  hitherto  all  about  American  advances,  and  I  was  not  myself  so 
anxious  to  hear  the  very  latest  thing  that  was  done  as  what  was 
really  the  practical  position  of  affairs  altogether.  We  know 
perfectly  well  that,  however  good  an  invention  is,  it  takes  two  or 
three  years  as  a  rule  before  it  works  out  to  be  of  public  use,  and 
therefore  I  did  not  go  into  those  parts  of  the  subjects  perhaps 
quite  so  much  as  I  might  otherwise  have  done. 

With  regard  to  motors  on  arc  light  circuits,  I  cannot  tell  you 
very  much,  as  I  did  not  actually  see  any  of  the  motors  at  work, 
but  I  will  try  to  supply  some  information  later.  I  saw  other 
motors  at  work  driving  printing  machines  and  so  forth,  and  giving 
great  satis£Etction. 

As  far  as  testing  and  experimenting  go,  I  quite  bear  out  what 
Professor  Forbes  has  said.  There  is  no  doubt  that  the  Americans 
are  beginning  to  be  careful  on  this  point,  and  to  appreciate  the 
value  of  testing.  But  you  must  understand  that  different 
localities  differ  very  much.  America  is  not  one  place  any  more 
than  Europe  is;  and  because  they  do  so  and  so  in  one  place,  it  does 
not  follow  that  the  same  is  done  everywhere  else. 

Of  course  the  dryness  of  the  climate  has  an  enormous 
influence  on  their  work;  and  not  only  the  dryness  of  the  climate, 
but  when  they  have  rain  it  comes  down  heavily,  and  they  do  not 
get  the  drizzling  days  which  we  get  here,  and  which  ruin  all'^ 
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irr.Adden-  insulatioii.  As  most  people  know,  a  good  heavy  shower  will 
improve  insulation  after  it  is  over,  but  it  is  the  constant  damp 
and  drizzle  that  affect  us  here. 

As  regards  the  insulation  of  wires.    It  is  perhaps  a  little  out  of 
the  subject,  but  I  must  say  I  think  that  in  talking  aboat  the 
insulation  of  electric  light  wires  the  absolute  thickness  of  the 
insulation  should  always  be  mentioned.    Of  course,  if  the  insalation 
is  expressed  in  terms  of  the  diameters  of  the  core  and  insulation, 
we  can  get  at  it,  but  it  is  very  important  we  should  know  the 
absolute  thickness  of  the  insulating  material :    if  it  is  a  first-class 
material,  and  so  thick,  we  know  it  is  likely  to  answer  our  purpose. 
It  was  remarked  by  Professor  S.  P.  Thompson  that  there  does 
not  appear,  from  my  paper,  to  be  any  very  great  difference  in  the 
overhead  work  since  he  was  in  America  five  years  ago.    Well,  as  I 
have  pointed  out  in  my  paper,  there  is  no  doubt  that  from  an 
engineering  point  of  view  the  thing  answers  its  purpose  fiurly  well, 
and  could  not  possibly  be  cheaper;  consequently,  until  the  public 
protest,  the  character  of  the  overhead  work  is  not  likely  to  be 
greatly  altered. 

The  interest  which  men  take  in  their  work  was  also  referred  to 
by  Professor  S.  P.  Thompson.  There  is  no  doubt  that  that  is  veij 
much  so.  For  one  thing,  their  wages  are  of  course  better, 
employment  perhaps  more  constant,  and  the  chances  of  getting 
on  better ;  and  these  are  things  which  always  make  meu  take  a 
greater  interest  in  their  work. 

With  regard  to  the  President's  question  as  to  the  crossing  of 
streets  for  the  electric  tram-car  connection,  the  fishing'-rod 
connection  extends  about  eight  or  nine  feet  above  the  top  of  the 
tram-car.  This  leaves  a  good  deal  of  room  for  traffic  to  pass  under. 
If  a  cart  of  hay,  for  instance,  were  piled  up  very  high,  and  the  wires 
were  not  at  a  sufficient  height  for  it  to  pass  under,  I  suppose  it 
would  have  to  go  round. 

The  President  :  How  about  the  short-circuit  between  the  two 
wires? 

Mr.  G.  L.  Addenbrgoke  :  I  did  not  hear  anything  about  that, 
but  in  large  towns  they  use  this  [d/rawing  ahetcK].  Posts  are  fixed 
with  double  cross-arms  upon  them,  and  the  wires  are  run  so.      It 
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is  an  exceedingly  convenient  way  of  doing  it,  and  lamps  can  be  Mr  Adden 
put  on  the  top. 

The  President  :  All  other  carriages  keep  out  of  the  way  ? 

Mr.  G.  L.  Addenbrooee  :  They  must  take  care  also  to  keep 
out  of  the  line  of  posts.  They  can  go  on  the  line  of  tramway  as 
long  as  they  keep  clear  of  that  part  of  the  road  where  the  posts 
are  placed. 

The  President  :  The  discussion  will  now  be  adjourned  until 
this  day  fortnight,  when  the  Annual  Greneral  Meeting  will  be 
held. 

A  ballot  took  place,  at  which  the  following  were  elected  :— 

ForeigTi  Meftnbers : 
Edward  J.  Hall,  jun.  |  Axel  Hultman. 

Masayuki  Otagawa. 

Merribera : 
William  Henry  Allen,  |       William  Alexander  Bryson* 

Asaodatea : 


George  Carnegie  Alexander. 
William  John  Alexander. 
Arthur  J.  Amot. 
Francis  Gibson  Baily. 
William  St.  John  Beale. 
Henry  W.  Bowden. 
Vernon  Keble  Cornish. 
Herbert  John  Dowsing. 
Henry  Llewellyn  T.  Foster. 


George  S.  Hooker. 
C.  Frewen  Jenkin. 
Hugh  Haweis  Paynter. 
Peter  Theodor  Baaschou. 
William  John  Harrison  Ryder. 
Charles  Sbeldon  Thomson. 
Hubert  Edwin  Tutte. 
Thomas  Savile  Watney. 
William  Wynn  Williams. 


Students  : 
Sidney  Hopwood  Blake.       |  William  Rowland. 

The  meeting  then  adjourned. 
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W.  KOHLRJLVBOH  ud  C.   HEZX— EXPERIMENTS    WITH 

ACCUMULATORS  FOR  STATION  WORKING. 

(Elektrotechnische   Zeitschri/t,    Vol.   10,  p,  803,   18890 

The  two  cells  on  which  the  experiments  were  carried  oat  had  formed  pait  of 
a  battel^  which  had  been  in  dailj  use  from  October,  1832,  till  December,  1887. 
Each  ceil  contained  three  positive  and  fonr  negative  plates ;  the  snrface  o£  each 
plate  was  36  square  dm.,  and  the  liqnid  was  dilate  snlphnric  acid  of  specific 
gravity  1'115,  the  quantity  being  8-4  litres.  The  cell,  whenreadj  for  working 
weighed  about  20  kg.  The  capacity  of  each  cell  was  45  ampere-hours,  the  sonnal 
charging  current  was  5  amperes,  and  the  discharge  current  6*5  amperes. 

With  the  normal  current  the  E.M.F.  rises  on  charging  from  2*09  to  2-1  Tolts  at 
the  end  of  half  an  hour,  then  falls  again  to  2*085,  rising  at  the  end  of  four  hours  to  2-09, 
and  then  incresQies  steadily  till  the  end  of  the  eighth  hour,  when  it  riaes  rapidly, 
finally  touching  2'34  volts.  On  discharging  with  a  normal  current  the  £.M.F. 
first  rises  slightly  from  1922  to  1'928,  and  only  again  reaches  iU  former  valae  after 
about  one  and  a  half  hoars;  it  then  falls  off  very  regularly  till  the  end  of  the 
discharge.  The  remarlutble  rise  of  both  curves  should  probably  be  attributed  to 
some  kind  of  secondary  action.  The  resistance  was  very  carefully  measured,  and 
was  found  to  be  proportional  to  the  charge  and  to  the  discharge  respectircly. 
The  density  of  the  acid  was  taken  regularly,  and  found  to  be  directly  proportional 
to  the  state  of  charge  of  the  cell ;  it  varied  from  1-115  to  1*147.  This  value  agrees 
extremely  well  with  the  voloe  arriv^ed  at  from  theoretical  calculations,  these  giving 
1  '146,  from  which  the  observed  value  differed  only  by  the  third  decimal  place. 

A  considerable  number  of  further  experiments  were  made  with  canents 
exceeding  the  normal,  the  detailed  results  of  which  are  all  given  in  the  paper. 


W.  WEDDINO-ARC  LIGHT  PHOTOMETRY. 
{EUctrottchnischt  Zeitschrift,  Vol  10,  p.  887, 1889.) 
The  experiments  were  mostly  carried  out  with  a  Siemens  differential  lamp, 
worked  with  a  continuous  current  of  14  amperes,  and  taking  a  potential  difference 
of  47  to  52  volts.  The  standard  unit  of  light  employed  was  the  German  ncvwal 
candle,  burning  with  a  flame  of  a  height  of  45  mm.  This  may  be  taken  as  eqnal 
to  the  EngliBh  sperm  candle.  As  an  intermediate  standard  of  comparison,  were 
used  two  Albert  burners  of  26  to  80  candle-power.  It  would,  perhaps,  hare  been 
preferable  to  use  the  amyl-acetate  normal  lamp  of  von  Hefner- Alteneck.  The 
arc  lamp  was  suspended  above  the  photometer  bank,  so  as  to  admit  readily  of  the 
light  being  measured  in  all  directions,  and  under  various  angles. 
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The  following  table  contains  some  of  the  reralti  vith  a  naked  light  t— 


Angle. 

Left. 

Angle. 

Bight. 

46° -26' 
6P-  8' 

109 

1,992 

863 

46° -26' 
60° -42' 

136 

2,009 

804 

The  E.M.F.  varied  between  467  and  47*1  volte. 

From  an  inspection  of  the  curves,  it  appears  that  the  light  measored  in  a 
horizontal  direction  is  verj  small ;  it  increases  rapidly  up  to  20  degrees,  and  then 
more  BI0WI7-,  till  it  reaches  a  maximum  at  about  42  degrees,  and  then  once  more 
falls  off.  Soon  after  passing  below  60  degrees  the  light  almost  disappears,  owing  to 
the  shadow  cast  by  the  lower  carbon,  while  still  further  below  the  lamp  some  light 
is  thrown  down  from  the  crater  of  the  upper  carbon.  The  author  gives  a  formula 
for  calculating  the  mean  spherical  illumination  from  the  light  measured  under  the 
several  angles  all  round  the  lamp.  Experimente  were  also  carried  out  with  three 
different  kinds  of  globes,  and  it  was  found  that  the  mean  spherical  illumination  lost 
respectively  41,  40,  and  53  per  cent,  of  that  given  by  the  naked  light.  By  the  use 
of  reflectors  the  diminution  of  the  illumination  was  reduced  to  about  82  per  cent. 
The  anthor  finally  treats  of  the  mathematical  calculations  for  arriving  at  the  best 
disposition  of  lumps  for  illuminating  any  given  area. 


W.  JraOBAUB— EXPERIMENTS  ON  THE  PERMEABILITY  OF 
DIFFERENT  SORTS  OF  IRON  AND  STEEL. 

(EUctrotechniscAe  ZeitMchrtfl^  Vol  10,  p.  348,  1889.) 
The  experiments  were  carried  out  on  rods  of  the  various  metals  80  mm.  long 
and  5  mm.  in  diameter,  twenty-two  different  kinds  being  experimented  on  in  all. 
The  observations  were  made  by  Gauss's  method,  with  the  rods  in  the  first  position. 
The  action  of  the  magnetising  coil  on  the  magnetometer  was  nullified  by  placing  a 
second  coil  on  the  opposite  side. 

Let  M  equal  magnetism  in  c.g.s.  units. 
„    H     „     horizontal  intensity  of  the  earth's  magnetism. 
„    R     ,,     distance  of  the  rod  from  the  magnet  in  cm. 
„    N     „    number  of  tons  on  the  eoiL 
If  the  sectional  weight  of  the  rod  is  taken  as  about  18  gr.,   and  we  assume  a 
specific  magnetism  of  180  cg.s.  unite  for  the  best  kinds  of  iron,  the  maximum 
moment  of  the  rod  wiU  be  about  2,400  cg.s.  units.    From  Mailer's  foiinnla 


H  max.  =  14-4/  if*  arc  tan. 


V, 


5,300  <f 

and  with  Waltenhofen'a  constants  the  magnetising  force  for  the  above  value  of 
moment  comes  out  as  {^  ] 

ni  =  7,600 c.g.g.  units.  ^ g'^zed by V^OOglC 
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The  anthov'f  remltB  ahow  that  wft  iron  giyes  the  best  resnlte,  thai  tUA 
comet  next,  and  that  cast  iron  takes  the  third  place.  A  notable  exception  is 
Bessemer  iron,  of  which  the  permeability  is  at  least  as  great  as  that  of  soft  iitm ;  it 
seems,  therefbre,  to  be  specially  nsef al  for  the  construction  of  dynamos  and  of 
transformers.  Amongst  the  several  kinds  of  steel  the  best  appeared  to  be  Besemer 
steeL  The  greatest  measured  difference  of  the  kinds  tested  was  31-6  per  cent,  of 
the  highest  ralue.  Kagrini  has  fonnd  that,  with  a  magnetising  force  of  orer  50 
cg.SL  nnits,  the  magnetic  moment  is  independent  of  the  kind  of  iron.  In  my 
experiments  I  bare  come  to  a  ralae  of  abont  60  cg.s.  nnits.  The  results  have 
also  shown,  what  has  already  been  remarked  by  Ewing,  that  the  conrae  of  the 
cnnre  for  the  magnetism  is  dependent  on  the  indiridnality  of  tfae^iron. 


Dr.  ▼.   WXBTLZ8BACS— THE  INDUCTION  COILS  OF 

MICROPHONES. 

{EkktrotschniMche  Zeitsehri/t,  Vol,  10,  p.  878,  1889.) 

The  experiments  were  carried  oat  on  two  coils,  the  particnlais  of  which  i 
tabulated  below;— 


Cou. 

PRnCART. 

SSOOSBAKT. 

Length 
mm. 

Diameter 

IMameter 
mm. 

Turns. 

R. 
Ohms. 

DUmeter 

Tnxiis. 

IL 
CHuns. 

Coil  No.  1  ... 
CoU  No.  2 ... 

67 
110 

0-4 
0-6 

0-5 
1-25 

185 
130 

9-64 
912 

016 
0-22 

4,200 
4^200 

260 
128 

In  snch  coils  the  most  interesting  thing  is  the  course  of  the  magnetic  indnetioo 
in  the  primary  coil.  In  a  coil  with  an  iron  cote  the  induction  may  be  considered 
as  made  up  of  the  electro-dynamical  mutual  induction  of  both  coils  and  the 
magnetic  induction  of  the  iron  core  on  the  secondary  coil.  The  former  being  reiy 
small,  in  comparison  with  the  latter,  may  be  neglected.  In  the  experiments  the 
primary  coil  was  connected  up  in  circuit  with  a  battery  and  an  adjustable  resistance. 
The  secondary  coil  in  like  manner  was  connected  up  with  a  galvanometer  and  mn 
adjustable  resistance.  Any  alteration  in  the  resistance  in  the  primary  circuit 
caused  a  corresponding  change  in  the  magnetic  Induction  of  the  core,  and  hence  in 
the  induced  current  in  the  secondary  coil.  Althongh  the  primary  winding  of  coil 
No.  1  had  mors  than  half  as  many  turns  as,  and  three  times  the  resistance  of,  the 
coil  No.  2,  yet  for  equal  diminution  of  the  current  its  induction  is  ^  to  | 
less  than  that  of  the  coil  No.  2.  Each  ampere-turn  of  the  coil  No.  2  induces, 
therefore*  abont  twice  as  much  as  an  ampere-turn  of  coil  No.  1,  this  being  on 
account  of  the  more  favourable  arrangement  of  the  iron  core.  Again,  the  greater 
resistance  of  the  coll  No.  1  makes  the  microphone  less  sensitire*  Hence  on  all 
acconntf  the  coll  No.  2  appears  to  be  the  more  suitable.    . , _ 
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Dr.  LSOSHABB  WSBSB— ATMOSPHERIC  ELECTRICITY. 

(EUetrotechnische  Zeitschrift,  VoL  10,  p.  887,  1889.) 

The  article  deals  with  the  resalts  obtained  daring  a  year's  obsenrations. 
More  generally  the  observations  were  made  by  means  of  kites,  bnt  occasionally  a 
balloon  was  sent  np.  A  great  number  of  tables  and  carves  are  given  of  the 
meamirements  of  the  corrents  observed. 


C.  ORAWnnaL— CONNECTION   OP   ACCUMULATORS   FOR 
TELEGRAPH  WORK. 

(^EUetrotecknisehe  Zeitsehrift,  Vol.  10,  p.  446,  1889.) 

The  article  deals  with  the  best  arrangement  which  can  be  adopted  for  sup- 
plying the  very  various  wants  of  a  telegraph  line  by  means  of  secondary  batteries, 
so  that  both  open  and  closed  circuit  working  can  be  carried  on  successfully. 
Without  the  diagram  which  accompanies  the  article,  it  would  be  difficult  to  make 
the  ammgement  clearly  understood. 


B.  BOUTT  ud  Xi.  POZNGABfi— CONDUCTIYITT  OF  MOLTEN  SALTS. 

(Journal  de  Physique^  Vol  8,  p.  868,  1889.) 

L.  POIKCABfi— IDEM. 

(Journal  de  Physique^  VoL  8,  p.  878;  Comptes  Rendus,  Vol.  109,  p.  174,  1889.) 

In  working  at  such  high  temperatures  as  850°  to  500°  there  are  two  great 
difficulties  to  be  contended  with :  one  is,  that  if  a  glass  tube  is  used  to  contain  the 
salt  under  experiment  at  such  temperatures,  its  walls  become  more  or  less  con- 
ductors; the  other,  that  thermo-currents  are  set  up  at  the  junctions  of  the  salt  and 
the  electrodes  used.  The  first  is  more  particularly  troublesome  when  an  alloy 
with  a  specific  melting  point  is  used  as  the  soorce  of  heat.  This  defect  was  got 
rid  of  by  the  simple  expedient  of  using  an  air-bath  as  the  heating  medium.  A 
special  arrangement  of  electrode  served  to  eliminate  the  second :  this  consisted  of 
an  insulated  vessel  containing  a  solution  of  the  salt  under  experiment,  the  bottom 
of  the  vessel  being  stopped  by  a  plug  of  fibrous  asbestos  in  such  a  manner  that 
while  the  upper  part  of  the  plug  was  in  the  solution,  the  lower  part  was  immersed 
in  the  molten  salt. 

A  considerable  number  of  experiments  were  made  with  potassium  nitrate. 
Its  conductivity  may  be  calculated  from  the  formuU 

e  -  0-7241  [1  +  0-005  (t  -  360)], 
and  the  calculated  values  agree  very  well  with  those  obtained  from  experiment. 
Working  with  mixtures  of  potassium  nitrate  and  sodium  nitrate,  it  was  found  that 
the  joint  conductivity  as  measured  agreed  closely  with  the  value  calculated  from 
the  conductivities  of  each  salt  taken  separately. 

Having  observed  that  silver  which  had  been  exposed  to  the  action  of  a  bath 
of  fused  nitrate  of  silver  zemained  nnpolarised  in  fused  nltra^  ol  pptisstius,  it  _ 
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becune  dmple  to  replace  the  aabertoe  electrodee  bj  othen  of  sUrerwi^oot  i 
dnciag  any  dietorbing  inflnence,   TheepeeificcoodttetiTitjrof  fated  nitnle  of  aber 
is  found  from  the  f omwla 

e  -  1-288  [1  ^  0-0025  (t  -  850)]; 
that  is,  for  temperatnies  between  280°  and  370°.    It  is  aeen  in  this  fonavlndirt 
the  temperatnn  coeffident  ii  different  from  that  for  potaadnm  mtiate  and  lor 
soditun  nitrate.    Experimenting  on  ammonium  nitrate,  the  formula  was  found  to  be 

e  -  0-4  [1  -►  0-0073  («  -  200)], 
which  once  more  gires  a  different  coefficient.     If,    however,  the 
coefficient  be  multiplied  in  each  case  hj  the  density  of  the  fnsed  salt,  a  < 
number  is  obtained,  as  shown  in  the  following  table :— 


KameofSalt. 

Tempenture. 

Demitsr. 

OociBcieDt. 

^  ^       1 

Piodiiflt. 

Potassium  Nitrate 

Sodium           , 

Silver             „     

Ammoninm    „    

860° 
850° 
860° 
200° 

1-84 
1-84 
3-9 
1-86 

0K)05 
0O05 
00025 
0-0073 

920 
920 
975 

971 

Taking  into  account  the  great  difficulty  there  is  in  measuring  exaeUy  the 
densities  at  these  high  temperatures,  it  will  be  found  that  the  coefficients  are 
in  inverse  ratio  to  the  densities  of  the  corresponding  salts.  It  is  also  U>  be 
remarked  that  the  molecular  densities— 0*0897  for  potassium  nitrate,  and  0*0420  for 
ammoninm  nitrate,  supposing  them  both  brought  to  a  similar  temperature,  «.y.,  SStf 
—are  rery  close  to  each  other ;  these  two  quantities  differ,  however,  conriderably 
from  the  molecular  conductivitie8-^)-0637  and  0*602— of  silver  nitrate  and  ndinm 
nitrate  respectively,  which  do  not  differ  much.  It  is  known  that  in  the  caae  oi 
solutions  the  two  former  salts  are  normal,  while  the  two  others  are  abnomud. 

There  is  a  limit  to  these  experiments,  when  the  temperatures  hare  reached 
that  of  the  fusion  of  glass ;  this  may  be  got  orer  by  the  use  of  tubes  of  porcelain. 
Experimenting  on  chlorides^  the  author  made  use  of  such  tubes,  and  the  silTar 
electrodes  before  alluded  to ;  these  did  not  polarise  to  any  extent,  and,  moBeovar, 
the  amount  of  polarisation  is  quite  regular.  The  temperatures  were  meaeured  hf 
means  of  a  platinum-rhodium  thermo-conple.  The  following  formula  repreaent 
the  variations  for  potossinm  and  sodium  chlorides  respectively:^ 

c  «  1-80  [1  -I-  0O066  (t  ^  750)]  between  700°  and  800°; 

c  -  815  [1  +  0*0064  (t  w  750)]  between  715°  and  800°. 
It  will  be  noticed  that  the  coefficients  of  variation  are  the  seme  ior  both  salts. 
The  densities  being  measured  at  about  750°,  it  was  found  that  they  were  practically 
the  same,  via.,  1-66.  The  product— 1,070— is  not  very  different  from  that  of  the 
nitrates  given  above,  viz.,  920.  The  molecular  conductivities  are  respactivaly 
0-0818  and  0*112  for  potassium  chloride  and  sodium  chloride ;  and  it  is  interesting 
to  remark  that  the  ratio  of  the  conductivities  is  almost  the  same  as  the  ratio^0^7— 
of  the  molecular  conductivities  of  the  nitrates  of  potassium  and  sodium. 
When  solidification  takes  place  in  the  electrolyte,  the  renslMiee 
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regnlftrlj.  At  the  moment  when  the  whole  of  the  salt  becomes  solid  the  conductiyity 
falls  to  l-500tfa  of  that  of  the  fused  salt  at  the  same  tempeiatnre ;  then  it  decreases 
rery  rapidly,  the  coefficient  of  yariation  being  100  times  what  it  was  before.  In 
order  to  gain  some  approximate  idea  of  the  effect  of  the  porcelain  tube,  some 
measurements  were  taken  of  its  conductivity,  the  results  being  given  by  the 
formula 

c  -  10  (O'OSTS  <•  +  0-0000125  t  -  16-30). 


K.  DSVBBZ— ELECTRIC  TRANSMISSION  OJT  POWER  AT 
BOURGANEUT. 

(^CompUs  Rendus,  Vol  109,  p,  456,  1889.) 

The  source  of  power  is  a  waterfall  situated  at  ''Les  Jarrauds,"  on  the  Maulde, 
a  distance  of  14  kilometres  from  Bourganeuf.  The  water  actuates  a  horizontal 
turbine  which  is  capable  of  giving  out  a  maximum  power  of  180  H.P.  at  a  speed 
of  150  revolutions  per  minute.  From  the  turbine  the  power  is  transmitted  to  the 
dynamo  on  the  floor  above  by  means  of  two  belts,  there  being  two  pulleys  on  the 
dynamo.  The  generator  has  two  armatures,  both  on  one  axle;  they  are  wound 
with  wire  2-2  mm.  in  diameter,  and  have  each  a  resistance  of  2  ohms.  The  section 
of  each  wire  is  8*8  square  mm.,  thus  giving  a  section  of  7*6  square  mm.  for  the 
current,  which  may  be  85  amperes  without  excessive  heating.  The  two  arma- 
tores  are  joined  up  in  series,  and  can  give  an  E.M.F.  of  5  to  5*5  Tolts  for  each 
revolution  per  minute. 

The  electro-magnets  are  separately  excited  by  a  current  of  20  amperes  and 
90  volts. 

The  line  is  metallic,  and  consists  of  a  siliceous  bronze  wire  6  mm.  in  diameter, 
carried  on  porcelain  insulators.  The  total  resistance  of  the  line  is  28  ohms;  the 
insulation  is  found  to  be  very  perfect,  even  in  wet  weather. 

The  motor  is  of  exactly  the  same  type  as  the  generator,  and  is  aUo  separately 
excited,  current  being  taken  either  from  one  of  the  lighting  dynamos  or  from  a 
battery  of  accumulators.  The  motor  is  used  to  drive  the  dynamos  which  supply 
current  for  lighting  the  town ;  these  are  Gramme  dynamos  giving  an  output  of 
250  amperes  and  120  volts. 

At  some  preliminary  experiments  made  with  the  generator  and  motor,  before 
they  were  installed  at  Bourganeuf,  with  an  artificial  line  of  80  ohms,  the  lighting 
dynamos  gave  collectively  an  output  of  885  amperes  and  112  volts  when  the 
generator  was  developing  22  amperes  and  8,750  volts.  In  a  second  experiment, 
with  25  ohms  resistance  in  the  line,  the  lighting  dynamos  gave  876  amperes  and 
115  volts  when  the  generator  was  giving  an  output  of  20  amperes  and  8,550  volts. 
The  lighting  dynamos  used  having  a  commercial  efficiency  of  80  per  cent.,  whilst 
the  Deprez  dynamos  are  said  by  the  author  to  have  a  commercial  efficiency  of 
90  per  cent.,  the  results  actually  obtained  might  be  improred  upon ;  and  there  is 
DO  doubt  that  a  power  of  60  H.P.  might  be  obtained  at  Bourganeuf  with  100  H.P. 
at  the  turbine  at  "  Les  Jarrauds."  ^  I 
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M.  LosB  and  W.  Nebubt— Condactivitj  of  some  Silrer  Salts.— -Bei6/&«er,  vol.  18, 
p.  396, 1889. 

A.  SoKOLOTT— Electrical  Oscillatioiu  in  Electrolytes.— B^t^/atfer,  vol.  13,  p.  402, 

1889. 

B.  NEBBL^Blectro-Crjatallisation  of  Copper.— i?et&/a»er,  vol.  18,  p.  686,  1889. 


IV.— B3UBCTBZC  LIGHT. 

£.  W.  Smith— Shnnt  Transformer.— PAt7.  Mag.^  vol.  28,  p.  132,  1889. 

6.  Richard— Details  of  Glow  Lamps.— Lum.  EL,  vol.  33,  p.  10, 1839. 

G.  RiCHAXD— Arc  Lamps.— Xum.  EL,  vol.  33,  p.  61, 1889. 

E.  DisuBONN^— Clerc's  Electric  Meter.— £um.  EL^  vol.  33,  p.  156,  1889. 

A.  Paljlz— Photometry.— 24i»i.  El,  vol.  38,  p.  265,  1889. 

E.  DiBUDONNig— The  Electric  Light  at  the  St.  Lazare  Railway  Station.— Xuw.  El, 

vol.  34,  p.  7,  1889. 
A.  PALAz^New  Form  of  YiolIe*s  Standard  of  Light.- £um.  El^  vol.  84,  p.  51, 

1889. 
II.KAT8BB  and  C.  Rdvob — Channel  Spectrum  of  Carbon  in  the  Electric  Arc. — 

Ann,,  vol.  88,  p.  80,  1889. 
£.  T.  GoTHABB— Photographing  the  Electric  Spark.— ^ift/a^^sr,  vol.  13,  p.  422, 

1889. 
—  Slottb — Dependence  of  Candle-Power  of  Glow  Lamps  on  the  Current  Strength. 

—Beibldtter,  vol.  13,  p.  821,  1889. 

A.  HiLLAiBBT^Illumination  produced  by  Arc  Lamps  in  a  Straight  Line. — Bull 

Soe,  Int.,  vol.  6,  p.  327, 1889. 
W.  Wbddiko— Photometry  of  Arc  Lamps.— £/.  Zeit,  vol.  10,  p.  387, 1889. 
E.  WiBSVXB- Laying  Underground  Cables.— £/.  Zeit.,  vol.  10,  p.  357, 1889. 
Dr.  T.  Ebhabd— Bnnsen  Photometer.— £/.  Zeit.,  vol.  10,  p.  377,  1889. 

B.  BtaLM AH V— Alternate  Currents  v.  Continuous  Currents  for  Central  Stations.— 

El  Zeit,  vol.  10,  p.  397, 1889. 
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M.  Lbblano— Transmiision  of  Power  by  Alternate  Currents.— C.  R.,  vol.  109,  p. 

172,  1889. 
M.  Dbpbbz 'Results  obtained  at  the  Bourganeuf  Installation. — C.  R.,  vol.  109, 

pp.  394,  456, 1889. 
M.  Lbblanc — Distribution  of  Energy  by  Electricity. ^Xum.  El,  vol.  83,  pp.  101, 

220,  268,  1889. 
P.  MabciUiAO— Electric  Despatch  Boat.— 2^.  El,  vol.  83,  p.  268, 1889. 
M.  Lbblahc— Transmiwion  of  Power  by  Alternate  Currents. — Lum.  El,  vol.  83, 

pp.  858,  661. 
E.  DiBUDONHi— Electric  Hoisting  Gear.— JStnn.  El,  vol.  83,  p.  451, 1889.^ 


G.  RicHABD— Electric  Railways  and  Tramways.— l^um.  El,  vol.  83,  p.  466,  1889. 
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▼Z.— KAQVETIBK  AJTO  SLSCTSO-KAGJUIITIBK. 

J.  J.  Thohsok— Mftgnetie  Effects  prodaeed  hj  Motion  in  an  Electric  Field.— 

Phil.  Mag.,  rol.  28,  p.  1,  1889. 
A.  Tanakadate— Thermal  Effects  produced  bj  BeTeiaals  of  Magnetisation  in 

Soft  Iron.— PAi7.  Mag,,  vol.  28,  p.  207, 1889. 
L.  Eusmikski-Lbdochowski— Action  of  a  Uniform  Field  on  a  Magnetic  Bodr. 

— J^  de  PA.,  vol.  8,  p.  319,  1889. 
P.  Jawbt— Heat  of  Combnstion  of  Iron  in  a  Magnetic  Field,  and  Thermo-magnetic 

Phenomena.— j;  de  Ph.,  yol.  8,  p.  812,  1889. 
L.  Kt;LP— Magnetic  Coercire  ToTce.-^Beiblatter,  toI.  13,  p.  551,  1889. 
P.  JouBTN— Dispenlon  of  the  Magnetic  Botation  of  the  Plane  of  Polarisation  of 

Light— Beibl&tter,  toL  13,  p.  654,  1889. 
W.  NKOBAint— Permeability  of  Tarioas  Kinds  of  Iron  and  Steel.— £/.  Zett,  toL 

10,  p.  848,  1889. 


▼n.-]CfiA0UBBMBVTS  AHB  ICSASirBZHa  ZVSTBVMnrai. 

C.  V.  BoTS — Qnartz  as  an  Insulator. — Phil  Mag.,  toI.  28,  p.  1^  1889. 

C.  T.  IIuTCHnrsoir  and  G.  WiLKBS^Comparison  of  the  Mercnxy  Unit  with  the 

B.A.  Unit.— PA«7.  Mag.,  vol.  28,  p.  17, 1889. 
L.  BuKOAV,  G.  WiLKxs,  and  C.  T.  Hutcrinsok  —  Determination  of  the  B.A. 

Unit  in  Absolute  Measure  bjr  Lorenx*s  Method. — Phil.  Mag.,  roL  28,  p.  98, 

1889. 
E.  TAN  AuBBL— Electrical  Besistance  of  Bismuth. — Phil.  Mag.,  rol.  28,  p.  382, 

1889. 
T.  MouBEAUX— Causes  of  certain  Errors  of  Magnetographs.— C.  R.,  toI.  109,  p. 

272,  1889. 
E.  Bourr  and  L.  Poincabbe— New  Method  of  Measuring  the  Besistance  o! 

Molten  Salts.— J.  de  Ph.,  vol.  8,  p.  868,  1889. 
—  Pellissier— Electrometers.— Lum.  El,  toI.  33,  pp.  16,  73,  111,  178,  1889. 
W.  DB  Fonviellb — ^Begistering  Instruments  on  the  Eiffel  Tower. — Lum,  Eh,  roL 

83,  p.  422, 1889. 
C.  Decharmb— New  Galranometer. — Lum.  EL,  vol.  38,  p.  456,  1889. 
E.  DiEUDOiriiE- Miot's  Magnetic  Inductometer.— Xum.  EL,  vol.  88,  p.  510»  1889. 
B.  EoLBB— Simple  Form  of  Electrometer.— j^cii/a^ter,  vol.  13,  p.  521,  1889. 


▼ZZZ.— SAZLWAT  APFLZAVCS8. 

M.  CossMANN— Bailwaj  Appliances  at  the  Paris  Exhibition.— Xvn.£/.,  rol.  83, 

pp.  201,  865,  501,  1889. 
G.  DnMOBT  and  —  PosTBL-YnrAT- Motor  for  Woi^ing  Bailwaj  Signals.— jB^ 

Soc.  Int.,  vol.  6,  p.  332,  1889. 
Dr.  A.  ToBLBR— Siemens  &  Halske's  Improved  Block  STstem.— 2:/.  Zst/.,  voL  10, 

pp.  406,  428, 1889.  jgiti^ed  by  GoOglc 
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G.  FuLLXB— Water-Spraj  Inflnenoe  Machine.— -PAtV.  Mag^,  toI.  28,  p.  42, 1889. 
H.  H.  HoFFBRT-— Intermittent  Lightning  Flashes.— PAtV.  Mag,,  toL  28,  p.  106, 

1889. 
D.  CoLLiDOV-^Dniation  of  Lightning  Flashes. — C,  R,,  vol.  109,  p.  12,  1889. 
£.  L.  Trouyelot— Duration  of  Lightning  Flashes.— Ztfm.j&/.,  vol.  88,  p.  70, 1889. 
J.  Fbbtbero — Determination  of  the  Potential  Difference  necessary  to  Prod  ace 

Sparks  in  Air.— iliin.,  toI.  88,  p.  281,  1889. 
G.  JAincAKir— Silent  Discharge  in  Air  at  Normal  Pressure,— Bei^Zatfer,  rol.  13,  p. 

417, 1889. 
F.  ExvKB— Atmospheric  Electricity.- B«t5/a/f«r,  toI.  18,  p.  427,  1889. 
K.  A.  Bramdsb— Earth  Currents.— ^et6/eU<0r,  rol.  18,  p.  784, 1889. 
L.  SoHvOKE— Theory  of  Storms.*— i{«i6/S^ter,  yoL  18,  p.  789, 1889. 
Dr.  L.  WsBBB— Experiments  on  Atmospheric  Electricity.— j^/l  Z<a7.,  toI.  10,  p.  887, 

1889. 
Dr.  J.  EoLLBBT— Atmospheric  Electricity.- £^  Z^tV.,  toI.  10,  pp.  429, 487,  1889. 
Msx— Storms  on  German  Land  Lines  in  1888.—  El  Zeit,  toL  10,  pp.  468, 482, 
1889. 


X.— TBLEaBAFKT  AND  TSLEPHOVT. 

E.  Mebcadibb— Intensity  of  Telephonic  Effects.- ilfiTi.  Te/.,  voL  16,  p.  115, 1889. 
— >  Laoabdb— Wires  of  an  Alloy  of  Ck>pper  and  Magneslam. — Ann,  TeL,  voL  16, 
p.  124, 1889. 

—  Vascht— Propagation  of  a  Current  in  a  Telegraph  Line.— ^nn.  r«/.,vol.  16, 

p.  185, 1889. 
P.  H.  Lbdbbobb— Zigang*s  New  Telephonic  Apparatus.— Xuiii.  £L,  toI.  S3,  pp. 

24, 122, 1889. 
A.  GoiLLOUX — Telegraphic  and  Telephonic  Intercommunications.  —  Zium.   EL, 

YoL  88,  p.  107, 1889. 
P.  Saxubi/— New  Exchange  for  many  Lines.- £«m.  El.,  toI.  38,  p.  216, 1889. 
£.  Zbtsohe — Enzmann's  Telephone  Belay. — Lum.  EL,  yoI.  83,  p.  826, 1889. 
P.  Saxubi/— New  Multiple  Printing  Telegraph.— Zioii.  EL,  vol.  88,  pp.  558,  611, 

1889. 
C.  JAcgniir — ^Acceleration  of  Telegraphic  Transmission  by  Using  a  Condenser.- 

Lum.  EL,  Tol.  84,  pp.  27,  66, 1889. 
J.  Moosbb— Microphonic  Contacts.— B^'6/aMer,  toI.  18,  p.  584,  1889. 

—  HiEBONunxB— Synchronous  Printing  Telegraph.— JIY.  Zeit.,  rol.  10,  p.  885, 

1889. 
Dr.  v.  WiETLiSBAOH— The  Induction  Coils  of  Microphones.— jE*/.  Zeit.,  yoI.  10,  p. ' 

878, 1889. 
B.  Petboh— Telephonic  Cables.— £/.  Zett,  rol.  10,  p.  881, 1889. 
K.  WiESMEB— Y.  Bysselberghe's  Multiple  Telegraph.— J^/.  Zeit.,  yoI.  10,  p.  480, 

1889. 
H.  DiflOHBB— Theory  of  Duplex  Telegraphy — El.  Zeit.,  yoI.  m^f^  448, 1889.  glc 
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ZZ.— THSOBT. 

0.  J.  Lodge  and  J.  L.  Howard— Electric  Radiation  and  its  Concentntka  W 

means  of  Lensea.— PAi7.  Ma^.,  vol.  28,  p.  48, 1889. 
J.  T.  BoTTOMLET — Expansiou  with  Rise  of  Temperatnre  of  Wires  nnder  FbIM^ 

Streas.— PAiV.  Mag.,  vol.  28,  p.  94,  1889. 
H.  Hebtz  —Propagation  of  Electric  Waves  thioagh  Wires.— PAi/.  Mag^  voL  28. 

p.  117,  1889. 
J.  T.  BoTTOMLET  and  A.  Takakadat^ — Thermo-electric  Position  of  Platinoid.- 

PhU,  Mag.,  vol.  28,  p.  163, 1889. 
U.  A.  Rowland— Relation  of  Electrostatic  to  Electro-magnetic   System.—/^. 

Mag.,  vol.  28,  p.  804, 1889. 

E.  B.  Rose— Relation  of  Electrostatic  to  Electro-magnetic  System.— PiltZ.  Mag,. 

vol.  28,  p.  316,  1889. 
N.  PiLTSCHiKOFF — Electro-motiTe  Force  of  CJontact.— C  R.,  toL  109,  p.  lOS, 
1889. 

—  Krouohkoll — Electro-capillaTy  Phenomena.— Jl  dt  PA.,toL  8,  p.  472, 1889. 

F.  Larroque— Residual  Charge. — Lam.  EL,  vol.  33,  p.  67,  1889. 

M.  Leblanc  and  P.  H.  Ledbboer — General  Equations  of  the  Motioa  of  Electridtr. 

—Lum.  El,  vol.  33,  pp.  157,  204,  278,  417,  604,  614,  1889. 
H.  RiOHi — Electrical  Phenomena  produced  by  Radiation. — Lum,  £/.,  toL  3S,  p. 

160, 1889. 
J.  Elster  and  H.  Geitel — Motion  of  Electricity  in  Rarefied  Gases.— Jnu,  toL 

38,  p.  27, 1889. 

E.  CoHN — Specific  Inductive  Capacity  of  Water. — Ann.,  vol.  88,  p.  42,  1889. 

F.  Bra  UN— Currents  of  Deformation.-— iinn.,  voL  38,  p.  53, 1889. 

A.  WiNKELMANN — Determination  of  Specific  Inductive  Capacity  by  means  of  t 

Telephone.— -4nn.,  vol.  88,  p.  161,  1880. 
T.  HoMEN— Conductivity  of  Gases.— ^nn.,  vol  38,  p.  172, 1889. 
K.  Wesendonck — The  Differences  of  the  Two  Kinds  of  Electricity.— iliu.,  toI- 

38,  p.  222, 1889. 
O.  ScHiTMANN — Cyclic  Change  of  Electrical  Conductivity. — Ann.^  vol.  88,  p  SSC, 

1889. 
J.  Debsaulx— Potential  Difference  of  Dielectric    Media  along    the  Lines '^ 

Force.— -B«i6Z&«<6r,  vol.  18,  p.  890, 1889. 
K.  Steinxetz— Apparent  Resistance  of  Conductors  Traverred  by  a  Curreat- 

Beihlatter,  vol.  13,  p.  391, 1889. 
U.  GoTZ  and  A.  Eurz— Yolta's  Fundamental  Experiment^BetUai/^r,  ?oL  lS,f 

399. 
P.  H.  Dojes— The  Equation  for  the  Electric  Current.— £8«6id»er,  vol.  13,  p.  39f 

1889. 
y.  Dvorak— Action  of  Self-induction  in  Electro-magnetic  Current  Bitempte 

—Beihlatter,  vol.  13,  p.  408, 1889. 

—  Nacoari- Action  of  the  Electric  Spark  on  Condnetois.— B6i6Zat<«r,  toI.  U,  ?• 

421,  1889. 
M.  Thoma— Dependence  of  the  Electro-motive  Position  of  Palladiam  «  ^ 
Amount  of  Hydrogen  Occluded.— ffeiWa««r,  voL  13,  p,  6i9, 1889. 
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0.  Tboje — Analysis  of  Snrface  ResiBtance. — Beiblatterf  toI.  18,  p.  548, 1889. 

G.  LsoH— Eqniyalence  of  an  Infinitely  Small  Cnrrent  and  a  Small  Magnet. — 

BeiblatUr,  vol.  13,  p.  648,  1889. 
L,  BoLTZUANN — ^Theory  of  Hall's  Electro-magnetic  Phenomena. — Beibldtter,  vol. 

18,  p.  548,  1889. 
A.  Y.  Waltenhopev — Meaning  of  various  Formnlteof  Magnetisation. — Beiblatter, 

vol.  18,  p.  651,  1889. 
P.  CuLMAKK— Sparks  on  Breaking  Circnit.— UciWaWe?-,  vol.  18,  p.  662,  1889. 
K.  AspSBN — Discharges  from  Flames  and  Points. — Beihl'dtttr,  vul.  18,  p.  568,  1889. 
A.  RiOHi— Discharges  produced  by  Radiation.— i^ct6/d;rer,  vol.  18,  p.  566,  1889. 
E.  Uppevborn — Specific  Inductive  Capacity  of  some  Kinds  of  Paper. — BaiblatUr, 

vol.  18,  p.  711,  le89. 
G.  LiEBBN — Experiments  on  Electrical  Figures  ou  Plates  Rendered  Sensitive  to 

Light.— 5ei6/d/ter,  vol.  18,  p.  870,  1889. 
M.  HooB— Effect  of  Ultra-Violet  Rays.— iBeiWa«er,  vol.  13,  p.  731,  1889. 
—  JoUBEBT — Hertz's  Experiments. — Beiblattert  vol.  6,  p.  818. 
C.  Gbawinkel — Geometric  Solutions  of  some  Problems  on  Coupling  up  Batteries. 

— J:/.  Zeit.,  vol.  18,  p.  333,  1889. 
0.  Frolioh— New  Method  of  Observing  Curves  of  Oscillation.— £/.  Zei^,  vol.  13, 

pp.  345,  369,  1889. 
R.  Saueb — The   Relation  between  the  Resistance  of  Crossed  Electric  Waves  in 

Conducting  Surfaces.—^/.  Zeit.,  vol.  10,  p.  351,  1889. 


Xn.- VARIOUS  APFLIAVCS8. 

E.  DiEUDOKNi— Electrically  Driven  To<ilfl,  &c.— Xuwi,  £L,  vol.  88,  p.  301,  1889. 
G.  DcHOMT  and  A.  Lepacte — Synchronising  Clocks. — Bull,  Soc,  Int.,  vol.  6,  p. 

810,  1889. 
E.  Mbkoadieb— The  Phonograph  and   Graphophone. — Bull.   Soc,    Lit.,  vol.  6, 

p.  856,  1889. 
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The  Eighteenth  Annual  General  Meeting  of  the  Institution  was 
held  at  the  Institution  of  Civil  Engineers,  25,  Great 
George  Street,  Westminster,  on  Thursday  evening,  December 
12th,  1889— Dr.  John  Hopkinson,  M,A.,  F.R.S.,  Vice-Presi- 
dent, in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  of  November 
28th  were  read  and  confirmedt 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Messrs.  Macmillan  &  Co. ; 
Dr.  J.  Hopkinson,  Member,  V.P. ;  Mr.  G-.  W.  de  Tunzelmaim ; 
and  Sir  William  Thomson,  President ;  to  whom  the  thanks  of 
the  meeting  were  unanimously  accorded. 

The  Secretary  stated  that,  in  addition  to  the  books  that  had 
been  presented  to  the  Library,  he  had  to  announce  that  Lady 
Bright  had  been  good  enough  to  present  to  the  Institution  a  cast 
of  the  bust  of  the  late  Sir  Charles  Bright,  executed  by  Count 
Gleichen  (now  Prince  Victor  Hohenlohe),  R.A.,  and  which  was 
exhibited  in  the  Academy  some  years  ago. 

Upon  the  motion  of  the  Chairman,  the  thanks  of  the  meeting 
were  unanimously  voted  to  Lady  Bright  for  her  kind  donation,^  ' 
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The  Chairman  announced  that  the  ballot  boxes  would  remwn 
open  till  8.30  p,m. 

Mr.  T.  Buckney,  Mr.  G.  Driver,  ]Mr.  C.  T.  Fleetwood,  and 
Dr.  R.  M.  Walmsley  were  appointed  Scrutineers. 

The  Secretary  then  read  the  following  Report  of  the 
Council : — 

REPORT  OF  THE   COUNCH.. 

The  Council  have  the  satisfaction  of  reporting  that  the 
number  of  new  members  elected  into  the  Institution  during 
the  present  year  exceeds  that  of  last  year,  which  was  alreadj 
much  beyond  the  average. 

12  Foreign  Members,  31  Members,  109  Associates,  and  31 
Students,  making  a  total  of  183,  have  been  added  to  the  register, 
and  39  candidates  have  been  approved  for  ballot  at  the  first 
meeting  in  January  next. 

19  Associates  have  been  transferred  to  the  class  of  Members, 
and  24  Students  to  the  class  of  Associates  during  the  year. 

Our  losses  by  death  have  fortunately  been  fewer  than  those 
of  last  year,  comprising  1  Foreign  Member— Mr.  Hoist,  of  the 
Great  Northern  Telegraph  Company ;  10  Members,  among  whom 
are  included  Mr.  C.  H.  B.  Patey,  one  of  the  secretaries  to  the 
Post  Office ;  Dr.  Warren  De  la  Rue,  whose  valuable  experimental 
researches  in  electrical  science  are  so  well  known ;  Major-General 
Murray,  R.A. ;  Mr.  Walter  Hall;  and  Mr.  Henry  Sach,  Super- 
intendent of  Telegraphs  to  the  Great  Eastern  Railway — ^the  two 
last  named  having  been  among  the  oldest  members  of  the 
Institution ;  and  5  Associates. 

The  resignations,  which  have  also  been  considerably  fewer 
than  those  of  last  year,  include  3  Foreign  Members,  5  Members, 
10  Associates,  and  1  Student. 

The  Institution  continues  to  enjoy  the  great  privilege  of 
liolding  its  General  Meetings  in  the  lecture  hall  of  the  Institu- 
tion of  Civil  Engineers,  an  advantage  which  ^  is  all  the  more 
valuable  in  that  the  attendance  at  these  meetings  continues  to 
increase  very  considerably,  averaging  nearly  200,  and  in  some 
ca^es  having  reached  over  300  persons.  jgitized  by  CrOOglc 
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The  papers  read  during  the  session  have  been  mostly  of  a 
practical  nature,  and  have  extended  over  diflferent  branches  of 
electrical  engineering,  as  will  be  seen  by  the  following  list. 
Several  of  these  have  given  rise  to  important  and  valuable  dis- 
cussions. 

I-IST  OF  PAPERS  READ  BEFORE  THE  INSTITUTION  DURING  THE 

YEAR  1889. 

Datb.  Titlb.  Author. 

Jan.   24. — The  Insulation  Resistance   of  Electric 

Light  lustallatioDs       Prof.  A.J amieson,  F.R^S.E., 

M.Inst. C.E.,  Member. 
Feb.  21. — On  certain  Phenomena  connected  with 

Imperfect  Earth  in  Telegraph  Circuits    A.  E.  Kennbllt,  Associate. 
,,     28.— Some  Electric  Lighting  Central  Stations 

in  Europe,  and  their  Lessons Prof.   Geo.  Fobbeb,  M.A., 

F.R.SS.  (L.&E.),  Member. 
Mar.  28. — Laboratory  Notes  on  Alternate-Current 

Circuits Prof.  W.E.  Aybton,F.R.S., 

V.P.^     and    Prof.    John 
Pebry,  F,R.S.,  Member. 
,,    28. — On  the  Disturbances  arising  from  the 
use  of  ''  Earth  "  for  Electric  Lighting 

Purposes W.  H.  Preecb,  F.R.S.,  Past- 
President. 
April  11. — Underground    Conduits  and   Electrical 

Conductors        John  B.  Veritt,  Member. 

,,    25.— On  Lightning,  Lightning   Conductors, 

and  Lightning  Protectors       Dr.  Oliver  J.  Lodge, F.R.S., 

Member. 
May  28. — On  the  Security  against  Disturbances  of 
Ships'  Compasses  by  Electric  Lighting 

Appliances        Sir     William      Thomson, 

D.C.L.,   LL.D.,   F.R.SS. 
(L.  &  E.),  President. 
,,    23. — On  Alternate- Current  Working  ...    W.  M.  Mordey,  Member, 

jjov.     4.— On  the  Lighting  of  the  Melbourne  Cen- 
tennial International  Exhibition      ...    K.  L.  Murray,  Member. 
„    28.— Electrical  Engineering  in  America      ...    G.  L.  Addenbrooke,  Asso- 
ciate. 

The  Council  have  awarded  the  annual  premiums  in  respect 
to  papers  read  during  the  twelve  months  ending  the  Slst^Jof 
May  last,  as  follows : — 

The  InatUvirioii  Premium,  value  £10,  to  W,  M«  Mordev, 


Member,  for  his  paper  on  "  Altemate^Cuirent  Working.^ 
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The  Paris  Electrical  Exhibition  Premium^  value  JB5,  to 
Dr,  Oliver  Lodge,  F.R.S.,  Member,  for  his  paper  on  "  Lightning, 
"  Lightning  Conductors,  and  Lightning  Protectors." 

The  Fahie  Premium^  value  £5,  to  A.  E,  Kennelly,  Associate, 
for  his  paper  on  "  Certain  Phenomena  connected  with  Imperfect 
"  Earth  in  Telegraph  Circuits." 

The  Board  of  Trade. 

At  the  commencement  of  the  year  the  Council  were  oonsolted 
by  the  Board  of  Trade  on  several  technical  points  in  connection 
with  the  regulation  of  the  supply  of  electric  energy. 

A  Committee  was  at  once  appointed,  who  carefully  considered 
the  several  matters  in  question,  and  their  recommendations^ 
which  were  fully  approved  by  the  Couiieil,  were  duly  forwarded 
to  the  Board  of  Trade,  and  have  substantially  been  adopted  by 
that  department  of  the  Crovernment. 

The  most  important  matter  discussed  was  the  question  of 
regulations  for  aerial  conductors,  which  alone  occupied  no  less 
than  nine  meetings  of  the  Committee. 

Your  Council  being  convinced  that  the  establishment  of  a 
standardising  laboratory  by  the  Board  of  Trade  would  be  found 
indispensable  for  the  proper  administration  of  the  Electric  Light- 
ing Act,  and  having  received  a  communication  from  the  Electrical 
Trades  Section  of  the  London  Chamber  of  Commerce,  calling 
attention  to  the  importance,  from  an  industrial  point  of  view,  of 
the  standardising  of  electric  measurements,  reappointed  the 
Standardising  Committee,  for  the  purpose  of  considering  the 
matter,  and  of  drawing  up  a  scheme  for  such  a  laboratory,  with 
estimate  of  the  cost. 

After  this  had  been  done,  two  joint  meetings  of  the  Comnciittee 
and  a  consultative  Committee  of  the  Electrical  Trades  Section  of 
the  London  Chamber  of  Commerce  were  held,  and  the  draft 
scheme,  as  then  finally  approved,  was  adopted  by  the  Council, 
and  forwarded  by  them  to  the  Board  of  Trade. 

A  joint  deputation  of  the  Institution  and  of  the  London 
Chamber  of  Commerce  subsequently  had  an  interview  with  the 
President  of  the  Board,  to  urge  the  adoption  of  the  scheme^  - 
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There  is  every  reason  to  hope  that  this  recommendation, 
-which  has  already  been  partially  adopted,  will  eventually  be  fully 
carried  out,  and  thus  render  unnecessary  any  other  standardising 
establishment,  which,  however  well  organised,  and  under  what- 
ever influential  auspices  it  might  be  created,  could  scarcely 
expect  to  meet  with  the  general  recognition  which  a  Government 
establishment  must  necessarily  command. 

Paris  International  Exhibition, 

The  Council  having  been  urgently  requested  by  Colonel 
Iiaussedat,  President  of  the  Organising  Committee  of  the  Exhibi- 
tion of  Historical  Apparatus  at  the  Paris  Exhibition  (Exposition 
Retrospective  du  Travail),  to  obtain  for  the  electrical  section 
the  loan  of  apparatus  representative  of  the  progress  of  applied 
electrical  science  in  Great  Britain,  took  measures  accordingly, 
and  by  the  kindness  of  the  Postmaster- General,  the  Managers  of 
the  Royal  Institution,  Sir  William  Thomson  (President),  Mr. 
Latimer  Clark  (Past-President),  and  the  School  of  Electrical 
Engineering,  were  enabled  to  send  for  exhibition,  in  the  name  of 
the  Institution,  a  small  but  interesting  collection  of  instruments 
and  apparatus. 

Your  President  has  received  from  Colonel  Laussedat  a  letter 
warmly  thanking  the  Institution  for  the  valuable  addition  made 
by  them  to  the  Exhibition  of  which  he  had  charge. 

Paris  Meeting. 

Knowing  that  a  considerable  number  of  the  members  would 
be  visiting  Paris  during  the  time  appointed  for  the  sitting  of 
the  Electrical  Congress,  the  Council  gladly  accepted  the  courteous 
invitation  of  the  Soci^t^  Internationale  des  Electriciens,  communi- 
cated by  their  President,  Colonel  Sdbert,  to  hold  a  joint  meeting 
with  the  Soci^t^. 

The  meeting  took  place  on  the  23rd  August,  your  President 
being,  by  the  request  of  the  Soci^t^,  in  the  chair,  and  addresses 
of  warm  welcome  to  our  members  were  delivered  by  Colonel 
Sebert,  the  President  of  the  Society,  and  by  Monsieur  E.  Mascart, 
the  President  of  the  Electrical  Congress,  to  which  Sir  William 
Thomson  replied  in  an  interesting  speech.  ""  <^  ~ 
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Monsieur  De  Chardonnet  sabsequently  explained  Ids  mode  of 
manu£eicturing  artificial  silk,  and  Monsieur  J.  Carpentier  his 
electrical  apparatus,  called  respectively  the  "  Melographe^"  the 
*'  M61otrope,"  and  the  "  Batteur  de  Mesure."  The  phonograph 
and  a  variety  of  interesting  electrical  exhibits  were  on  view. 

During  the  ensuing  week,  the  members  were  invited  to  viait 
the  following  establishments:  — 

The  Works  of  Messrs.  Sautter  Lemonier, 

The  Works  of  La  Society  Generale  des  T^l^phones, 

The  Laboratoire  Centrale  de  TElectricite. 

Electric  Lighting  Stations  —  Central   Station    Palais   Hojal, 

Grand  Opera. 

The  following  highly-interesting  lectures  were  also  most 
kindly  given,  viz. : — **  On,  and  repetition  of  Hertz's  Experiments,** 
by  Professor  Joubert,  in  the  Laboratoire  Centrale  de  TElectricit^ ; 

"On,  and  repetition  of  Elihu  Thomson's  Experiments,"  by 
Monsieur  Abdank  Abakanowicz,  in  the  Industrial  Court  of  the 
American  Section  of  the  Exhibition. 

By  the  great  kindness  of  Monsieur  E.  Mascart,  a  special 
ascent  of  the  Eiffel  Tower  was  arranged  for  the  members. 

The  members  were  also  most  hospitably  entertained  at  an 
evening  reception  by  the  members  then  in  Paris  of  the  British 
Executive  Commission,  \dz,,  Messrs.  Dredge,  Preece,  and  True- 
man  Wood,  given  at  the  elegant  pavilion  of  the  Commission  in 
the  Exhibition  grounds. 

The  success  of  the  Paris  meeting  was  largely  due  to  the  kind 
exertions  of  Mr.  John  Aylmer,  our  Local  Honorary  Secretary. 

Edinburgh  ExinBiTioN,  1890. 

The  Council  lately  received  a  deputation  of  gentlemen 
officially  connected  with  the  Exhibition  of  Electrical  Engineering 
and  Inventions  to  be  held  in  Edinburgh  next  year ;  and,  as  there 
appears  to  be  every  probability  of  there  being  much  to  interest 
our  members,  it  has  been  decided  that  a  meeting  of  the  Institu- 
tion shall  be  held  in  Edinburgh,  either  shortly  before  or  shortly 
after  the  meeting  of  the  British  Association  at  Leeds.  OOglC 
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The  Council  have,  at  the  request  of  the  Executive  Committee 
of  the  Exhibition,  given  their  views  on  the  subject  of  the  system 
of  presenting  awards,  and  on  other  points  affecting  the  practical 
advantages  to  be  gained  by  such  Exhibitions, 

Eeporting  of  Discussions. 

In  the  belief  that  the  verbatim  reporting  of  the  proceedings 
of  the  Institution's  Ordinary  General  Meetings  was  tending  to 
encourage  discursiveness  on  the  part  of  many  of  the  speakers — 
which  was  neither  desirable  in  itself  nor  in  accordance  with  the 
wishes  of  the  majority,  as  evidenced  by  the  ready  adoption  of 
the  ten  minutes  rule — the  Council  decided  to  prohibit  the 
reporting  of  the  discussions  in  the  technical  journals,  and  to 
furnish  to  the  latter  an  oflSicial  abstract  of  each  evening's  dis- 
cussion, prepared  by  a  gentleman  specially  engaged  for  the 
purpose. 

This  arrangement  has  been  loyally  accepted  and  adopted  by 
the  Technical  Press. 

Annual  Conversazione. 

The  Conversazione  of  the  President,  on  the  24th  May,  took 
place  in  the  galleries  of  the  Royal  Institute  of  Painters  in 
Waters  Colours,  and  was  very  largely  attended. 

Annual  Dinner. 

The  success  which  attended  the  Institution  Dinner  held  on 
the  4th  November,  when  the  members  were  honoured  by  the 
presence  of  the  Prime  Minister  and  other  distinguished  guests, 
has  decided  the  Council  to  oonsider  it  as  the  first  annual  Dinner 
of  the  Institution  of  Electrical  Engineers. 

Mode  of  Electing  the  Council. 

As  already  made  known  to  you  by  the  Secretary's  cii'cular  of 
the  3rd  instant,  the  result  of  the  Council's  invitation  to  all 
Members  and  Associates,  both  at  home  and  abroad,  has  been 
such  as  to  lead  them  to  revert  to  the  original  system  of  annually 
nominating  for  election  on  the  Council  only  a  suflficient  nxunber 
of  Members  and  Associates  to  fill  the  occurring  vacancies.    They 
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trust  that  this  decision,  being  that   of   the   majority,    will   be 
accepted  without  further  demur. 

With  the  view  of  rendering  the  rule  which  requires  the 
annual  retirement  of  three  members  of  the  CJouncil  more 
eflfective  in  its  intended  purpose,  viz.,  a  complete  althongh 
gradual  change  in  the  composition  of  that  body,  it  has  been 
resolved,  upon  the  initiation  of  Professor  George  Forbes,  that 
two  at  least  of  such  retiring  members  each  year  shall  be  those 
who  have  served  during  the  longest  time  on  the  Council. 
Professor  Forbes  and  Dr.  Fleming  have  accordingly  retired. 
Mr.  Stroh,  having  the  same  object  in  view,  had  already  pressed 
his  resignation  on  the  Council,  which  has  been  accepted. 

Financial  PosmoN, 

The  finances  of  the  Institution  continue  in  a  sound  condition, 
the  increase  in  the  number  of  members  more  than  compensating 
for  the  increased  expenditure  incurred  in  several  respects  by  the 
wider  field  of  its  operations. 

THE  LIBRARY. 
REPORT  OF  THE  SECRETARY. 

I  beg  to  report  that  the  accessions  to  the  Library  during  the 
year,  as  reported  from  time  to  time  in  the  Journal  of  the 
Institution,  number  81,  by  far  the  greater  majority  of  which 
have  been  presentations,  for  I  have  again  the  pleasure  of  recording 
the  liberality  of  authors  and  publishers  in  responding  to  my 
applications ;  in  fact,  I  have  not  yet  in  any  one  case  biBen  met 
with  a  refusal. 

The  Institution  continues  to  receive,  by  the  kindness  of  H.M. 
Commissioners  of  Patents,  the  specifications  of  all  electrical 
patents.  The  number  of  patents  applied  for  this  year,  up  to  the 
30th  November,  was  19,295,  of  which  1,109,  or  nearly  5*75  per 
cent.,  were  electrical. 

The  niunber  of  periodicals  and  transactions  received  regularly 
by  the  Institution  is  slightly  increased  since  last  year.  A  list  of 
these  is  appended.  -^ ,  jOOglc 
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The  number  of  visitors  to  the  Library  during  the  year  has 
been  238,  of  whom  34  were  non-members. 

F.  H.  WEBB, 
12th  December y  1889.  Secretary  and  Librarian, 


APPENDIX  TO  SECRET  ARTS  REPORT. 
TRANSACTIONS,  PROCEEDINGS,  &c.,  RECEIVED  BY  THE  SOCIETY. 

ENGLISH. 

Aeiatic  Society  of  Bengal,  Joamal  and  Proceedings. 
Cambridge  PhUosophical  Society,  Proceedings. 
Greenwich  Magnetical  and  Meteorological  Observations. 
Institute  of  Patent  Agents,  Transactions. 
Institution  of  Civil  Engineers,  Proceedings. 
Institution  of  Mechanical  Engineers,  Proceedings. 
Iron  and  Steel  Institute,  Proceedings. 
Liverpool  Engineering  Society,  Proceedings, 
Physical  Society,  Proceedings. 
Royal  Dublin  Society,  Transactions  and  Proceedings. 
Royal  Engineers*  Institute,  Proceedings. 
Royal  Institution,  Proceedings. 
Royal  Meteorological  Society,  Proceedings. 
«Royal  Society,  Philosophical  Transactions  of. 
Royal  United  Service  Institution,  Proceedings. 
Society  of  Arts,  Journal.  ' 

Society  of  Chemical  Industry,  Journal. 
Society  of  Engineers,  Proceedings. 
University  College  Calendar. 

AMBBIOAK. 

American  Academy  of  Science  and  Arts,  Proceedings. 
American  Institute  of  Electrical  Engineers,  Transactions. 
Canadian  Society  of  Civil  Engineers,  Transactions. 
Franklin  Institute,  Journal  of. 
John  Hopkins  University  Circulars. 
Library  Bulletin  of  Cornell  University. 
Ordnance  Department  of  the  United  States,  Notes. 
Smithsonian  Institution  Reports. 

FRENCH. 

L'Acaddmie  des  Sciences,  Comptes  Rendns  Hebdomadaires  des  Stances  de. 

Soci^t^  Beige  d'£lectriciens.  Bulletin  de  la. 

Socidte  Fran9aise  de  Physique,  Stances  de  la. 

Soci^t^  des  Ing^nieurs  Civile,  M^moires. 

Soci^t^  Internationale  des  £lectriciens.  Bulletin  de  la. 

Soci^te  ScientiAque  Indnstrielle  de  Marseille,  Bulletin  de  la.      Oooolp 

•  Presented  by  Professor  D.  E.  Hughes,  F.R.S.  (Past-Preeident). 
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LIST  OF  PERIODICALS  RECEIVED  BY  THE  SOCIKTY. 

EMOUSH. 

Electrical  Engineer. 

Electrical  Plant. 

Electrician. 

Engineer. 

Engineering. 

English  Mechanic  and  World  of  Science. 

Illustrated  Official  Journal,  Patents. 

Indian  Engineer. 

Indostries. 

Invention. 

Mechanical  Progress. 

Military  Telegraph  Bulletin. 

Nature. 

Philosophical  Magazine. 

Telegraphic  Journal  and  Electrical  Review. 

Telephone,  The. 

ABIERICAN. 

Electrical  Engineer. 

Electrical  Review. 

Electrical  World. 

Gas  and  Water  Review  and  Journal  of  Electric  Lighting. 

Journal  of  the  Telegraph. 

Science. 

Scientific  American. 

United  States  Patent  Office,  Official  Gazette  of. 

FRCNCH. 

Annales  Tdlegraphiques. 

L'Electricitd. 

Journal  de  Physique. 

Journal  T^ldgraphique. 

La  Lumiere  jfelectrique. 

L'Electricien. 

Revue  Internationale  de  rElectricit^  et  de  ses  Applications 

GERMAN. 

Annalen  der  Physik  und  Chemie. 

Beibljitter  zu  den  Annalen  der  Physik  und  Chemie. 

Centralblatt  fiir  Elektrotechnik. 

Elect rotechnischer  Anzeiger. 

Electrotechnische  Zeitschrift. 

Verhandlungen  des  Vereins  zur  Beforderung  des  Gewerbfleifises. 

Zeitschrift  fiir  Elektrotechnik. 

Zeitschrift  fur  Instrumentkunde.  Digitized  by  GoOglc 


^--^ 
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XTAJLUKN. 

Giornale  del  Genio  Civile. 
II  Telegrafista. 

SPANISH. 

Ingeniero  y  Ferretero  Espaflol  y  Bud  Americano. 

The  Chairman-:  Gentlemen,— I  think  you  will  all  agree  that 
the  past  year  has  been  a  successful  one — the  first  year  of  the 
"  Institution  of  Electrical  Engineers."  It  has  been  remarkably  so 
in  one  or  two  respects.  The  past  year  has  been  the  first  in  which 
we  have  had  an  Annual  Dinner,  and  the  success  of  that  Dinner  was 
such  that  no  doubt  it  will  be  repeated  in  future  years.  Then, 
again,  the  Board  of  Trade  have  consulted  your  Council  with  regard 
to  the  establishment  of  an  electrical  laboratory,  and  other  matters, 
and  a  good  deal  of  the  time  of  the  Council  has  been  devoted  to 
the  consideration  of  those  matters. 

As  regards  papers,  we  have  had  a  pretty  busy  session,  and  have 
had  many  interesting  discussions,  I  therefore  have  great  pleasure 
in  moving — "  That  the  Eeport  of  the  Council,  just  now  read,  be 
"  received  and  adopted,  and  that  it  be  printed  in  the  Journal  of 
« the  Institution." 

The  motion,  having  been  duly  seconded,  was  carried 
unanimously. 

Major  S.  Flood  Page  :  I  am  sure,  Sir,  that  the  Eeport  of  the 
Council  which  we  have  just  heard  is  very  satisfactory,  but  it 
seems  to  me  that  steps  may  be  taken  which  may  still  further 
improve  the  position  of  the  Institution.  It  is  only  fair  to 
members  to  state  that  I  had,  in  ignorance  of  the  rules  of  the 
Institution,  given  notice  of  two  resolutions  to  be  proposed  to- 
night. But  I  have  been  informed,  in  a  most  courteous  manner, 
by  the  Council,  that  the  business  to-night  is  strictly  confined  to 
the  following,  viz. : — "  To  receive  and  deliberate  upon  the 
"  Eeport  of  the  Council  on  the  state  of  the  Institution,  and  to 
"  elect  officers  for  the  ensuing  year ; "  and  it  has  been  pointed  out 
to  me  that  resolutions  of  the  kind  of  which  I  had  given  notice 
should  be  brought  before  a  special  general  meeting  convened  by 
the  Council,  or  called  for  by  10  members  signing  a  requisition 
according  to  the  rules.     I  do  not  wish  to  put  the  Council  to  the 
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trouble,  expense,  and  inconvenience  of  calling  a  special  meeting, 
neither  do  I  wish  to  trouble  10  members  to  sign  a  requisition 
calling  upon  the  Council  to  call  a  meeting ;  but  I  wish  to  suggest 
to  the  Council  that  they  should  take  into  consideration  whether 
the  time  has  not  come  when  it  would  be  very  greatly  for  the 
advantage  of  the  engineering  profession  if  the  main  Institutions 
connected  with  engineering  could  be  brought  together  into  closer 
relations  than  exist  now.  I  mean  especially  the  Institution  of 
Civil  Engineers,  that  of  Naval  Architects,  the  Mechanical 
Engineers,  and  the  Iron  and  Steel  Institute,  with  ourselves.  Now 
I  do  not  think  there  is  a  single  member  of  this  Institution  but 
will  say  that  we  should  gain  by  such  an  arrangement.  I  do  not  for 
a  moment  suggest  that  there  should  be  any  amalgamation  or  any 
absorption:  it  is  clear  that  such  an  Institution  as  the  Civil 
Engineers  could  neither  absorb  us  nor  amalgamate  with  us,  the 
conditions  of  membership  are  so  different;  but  if  we  had  a 
Greneral  Council  on  something  like  the  lines  of  the  British  Associ- 
ation, each  of  the  Institutions  retaining  its  autonomy,  I  think 
that  the  report  of  the  year  following  such  an  alliance  would  tell 
us  that  the  Institution  of  Electrical  Engineers  was  more  success 
ful  than  ever.  It  would  result,  amongst  other  things,  perhaps,  in 
some  such  arrangement  as  now  exists  at  Burlington  House,  where, 
you  are  aware,  the  Eoyal  Society,  the  Eoyal  Academy,  the 
Chemical  Society,  and  other  Societies  are  lodged  under  one  roof. 
I  think  that  if  we  were  to  draw  closer  together  we  should  find 
that  all  branches  of  the  engineering  profession  would  gain, 
while  we  as  the  youngest  would  certainly  not  gain  the  least. 
I  therefore  beg  to  ask  the  Council  whether  they  will  take 
this  into  their  consideration,  with  the  view  of  increasing  the 
value  and  usefulness  of  this  Institution  even  more  than  it  has 
been  improved,  as  we  are  all  glad  to  hear,  in  the  last  two  years. 
It  is  only  natural  it  should  improve :  the  industry  and  the  science 
with  which  we  are  connected  is  the  most  engrossing  branch  of 
science,  and  the  coming  industry  of  the  age,  and  it  is  but  natural 
that  the  Institution  should  improve. 

I  have  another  suggestion  to  make,  and  it  is  this :  The  great 
development  of  electricity,    although  we    all  hope  that    it  wiD 


1889.J  SUGGESTIONS  BY  MAJOR  FLOOD  PAGE.  835 

soon  show  itself  in  motive  power,  and  in  other  branches,  still,  at 
this  present  moment,  the  chief  development  is  in  the  direction  of 
electric  lighting ;  and  I  am  sure  that  as  we  walk  about  London 
and  see  the  large  number  of  houses  that  have  notices  on  them 
that  the  electric  lighting  is  being  done  by  this  or  that  firm,  we 
are  gratified  when  we  see  the  name  of  well-known  electrical 
engineers  on  that  board  :  we  feel  that  the  electricity  will  probably 
be  conducted  into  that  house  safely,  and  that  the  workmanship 
will  be  sound  and  good.  But  I  think  the  time  has  come  when 
it  is  for  the  interest  of  the  Institution  to  exercise  some  influence 
in  the  subject  of  wiring  houses,  specially  when  we  read  the 
names  of  some  non-electrical  firms  that  are  putting  the  electric 
light  into  houses.  I  suppose  we  all  agree  that  it  would  be  a 
great  blow  to  this  Institution,  and  to  electricity  in  general,  if  a 
considerable  number  of  fires  were  to  take  place  in  connection 
with  electricity ;  and  I  suppose  we  also  all  agree  that  if 
electricity  is  installed  in  a  house  safely  and  well,  it  diminishes 
immensely  the  chance  of  fire,  but  that  if  it  is  done  carelessly 
and  on  unsound  principles,  and  by  inexperienced  persons,  it 
positively  increases  the  chance  of  fire.  We  know  what  has  taken 
in  New  York,  and  the  large  amount  of  excitement  that  has  been 
aroused  whenever  any  accident  is  ascribed  to  electricity.  There 
was  a  remark  the  other  day  in  one  of  the  New  York  papers 
bearing  very  forcibly  on  this — viz.,  that  the  papers  were  so 
entirely  taken  up  with  the  one  accident  that  had  happened  in 
connection  with  electricity,  that  no  newspaper  had  a  single  line 
to  give  to  the  35  accidents  that  had,  during  the  same  time, 
taken  place  in  consequence  of  the  use  of  gas.  I  think  that 
it  is  immensely  for  the  interest  of  all  who  are  connected  with 
electricity  that  we  take  some  step  towards  ensuring  that  the 
wiring  of  houses  is  done  on  sound  principles ;  and  it  seems  to  me 
that  this  Institution  is  the  natural  place  for  us  to  come  to,  to  ask 
the  Council  to  consider  whether  they  cannot  introduce  something 
in  the  shape  of  an  examination*  We  know  that  lately  examina- 
tions have  been  introduced  in  the  Surveyors'  Institution,  and  in 
the  Plumbers'  Company ;  and  the  Institution  of  Civil  Engineers 
itself  has  lately  introduced  a  system  of  examination  before  men 
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can  be  elected  members  of  that  Institution.     I  think  that  in  the 
interests  of  the  science  and   industry  of  electricity  it  is  very 
important  that  these  should  be  arranged ;   and  I  ask  the  Council 
to  consider  whether  it  will  not  give  a  great  fillip  to  the  work 
of  this    Institution    if   they   can   commence  some    system   of 
examination,  so  that  men — ^wiremen  and  others — shall  be  able  to 
say  when    they  are  called  upon,  "  I  have  the  certificate  of  the 
^^Institution  of  Electrical  Engineers."     I   am   quite   sure  that 
men  who  had  sUch  a  certificate  would  be  able  to  get  much  more 
work   than  those  who    had  not.      I  would  therefore     ask  the 
Council   whether  they  will  take  into   their    consideration  the 
two  questions  that  I  have  ventured  to  bring  before  you,  witb 
the  view  of  improving  still  further  the  position  of  this  Instito- 
tion— the  one,  whether  they  can  place  themselves    into  com- 
munication  with   the   Institution   of  Civil   Engineers,  and  the 
other  Institutes   I  have   named,  to  see  if  we  cannot  draw  the 
whole  of  the  five  Institutions  closer  together,  without  in  aay 
case  giving  up  our  autonomy ;  and,  also,  whether  they  can  see 
their  way  to  institute  something  in  the  shape  of  examinations, 
with  the  view  of  preventing  any  prejudice  being  created  against 
electric  lighting  in  consequence  of  fires  taking  place  by  houses 
being  badly  wired. 

I  have  very  great  pleasure  in  supporting  the  Beport  which 
has  been  brought  before  us :   it  is  most  encouraging.    My  only 
object  in  addressing  you  here  to-night  is  that  I  think  we  ought 
to  march  with  the  times ;   and  surely  it  is  a  very  good  opportunity 
to  take  some  such  steps  as  I  have  suggested.    We  are  on  the 
verge  of  an  electrical  session  of  Parliament:  since  the  great 
railway  session  of  1846  there  has  been  no  Parliamentary  session 
occupied  so   entirely  and  monopolised  by  any  one  branch   of 
industry,  as  the  session  which  is  now  about  to  commence  will  be 
occupied  by  electric  Bills.    You  are  all  aware  that  there  are  no 
less  than  from  430  to  450  different  electric  Hghting  schemes 
that  will  be  before  Parliament  during  next  session ;  and  I  can 
conceive  no    moment  in    which  the   Institution  of   Electrical 
Engineers  can  do  more  good  to  the   general  pubUc,  and  can 
more  clearly  show  its  right  to  speak  for  the  electrical  industry, 
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tlian     at    the    commencement   of   the    "electrical    session     of 
*^  Paxliament,"  which  is  just  about  to  commence. 
The  ballot-boxes  were  withdrawn. 

The  Chairman:  Gentlemen,— The  Council,  I  am  sure,  will 
he  exceedingly  glad  to  give  very  careful  consideration  to  the 
important  proposals  which  Major  Flood  Page  has  made.  They 
will  take  his  suggestion  and  do  so  at  once,  and  thus  avoid  the 
necessity  of  calling  a  special  general  meeting  of  the  Institution. 

Professor  Silvanus  P.  Thompson  :  We  are,  indebted,  Sir,  to 
the  Institution  of  Civil  Engineers  for  the  courtesy  which  they 
extend  to  us,  year  by  year,  in  allowing  us  the  use  of  their  rooms 
and  premises  for  our  meetings,  and  we  certainly  cannot  do  less 
than  give  them  a  vote  of  thanks  for  the  facilities  which  they  give 
to  us.     They  save  us,  no  doubt,  what  would  be  a  very  much  larger 
expense  if  we  had  to  engage  rooms  of  our  own,  and  an  establish- 
ment as  commodious  as  that  in  which  we  hold  our  meetings.     I 
have  therefore  very  much  pleasure  in  moving — "  That  the  cordial 
"  thanks  of  the  Institution  be  presented  to  the  President,  Council, 
"  and  Members  of  the  Institution   of  Civil   Engineers   for  the 
"  continuance  of  their  kindness  and  UberaHty  in  permitting  this 
"  Institution  to  hold  its  general  meetings  in  their  lecture  hall." 

The  motion,  having  been  seconded  by  Mr.  W.  Lant  Carpenter, 
was  carried  by  acclamation. 

Mr.  Alexander  Siemens:  I  have  very  much  pleasure  in 
moving — ^**That  the  thanks  of  the  Institution  are  due  to  the 
"members  who  so  ably  represent  us  abroad  as  Local  Honorary 
"  Secretaries  and  Treasurers,  for  their  continued  kind  services  in 
^*  that  capacity."  You  all  know  that  there  are  quite  a  number  of 
gentlemen  in  various  parts  of  the  world  who  undertake  the  very 
invidious  task  of  getting  the  subscriptions  of  foreign  members 
together  and  sending  them  on  here  to  our  Secretary.  You  will 
also  have  observed  that  at  nearly  every  meeting  a  number  of 
foreign  members  are  proposed,  and  they  have  mostly  been  induced 
to  send  in  their  names  by  our  Local  Honorary  Secretaries. 

In  making  this  motion  it  is  perhaps  invidious  to  particularise, 
but  in  this  year  I  think  it  is  natural  that  I  should  mention  the 
name  of  Mr.  John  Aylmer    specially,  because  we  are  all  very- 


838  VOTES  OF  THANKS.  [Dec.  126, 

grateful  for  the  very  kind  way  in  which  he  managed  the  affaus  st 
the  meeting  in  Paris. 

The  motion,  seconded  by  Mr.  Sydney  Eyershed,  was  cairiri 
unanimously. 

Sir  James  N.  Douglass:  I  have  very  great  pleasure  ii 
proposing — "  That  the  thanks  of  the  Institution  are  due  to  Mr. 
"  Edward  Graves,  Past-President,  for  his  kind  and  valuable  service 
"  as  Honorary  Treasurer."  The  name  of  Mr.  Graves  is  so  w^ 
known  that  it  requires  no  words  of  mine  to  present  this  motioa 
before  you  for  your  hearty  acceptance ;  but  you  will  all  be  sorry 
to  learn  that  Mr.  Graves  is  prevented  by  indisposition  from  h&ng 
hfire  to-night. 

The  motion,  having  been  seconded  by  Professor  John  PERHr, 
was  heartily  carried. 

Mr.  C.  E.  Spagnoletti  :  In  all  Institutions  and  Societies  the 
financial  position  is  an  important  one,  and  I  am  sure  you  will  all 
agree  with  me  in  moving — "  That  our  best  thanks  are  due  to  Mr. 
"  J.  WagstaflF  Blundell  and  Mr.  Fred.  C.  Danvers  for  their  kind 
"  services  as  Honorary  Auditors  during  the  current  year." 

The  motion,  seconded  by  Professor  S.  P.  Thompson,  was  carried 
unanimously. 

Sir  David  Salomons:  We  all  know  that  with  civilisation 
we  do  not  get  the  advantages  that  one  would  expect.  One 
necessary  consequence  of  civilisation  is  the  employment  of 
solicitors,  followed  by  their  biUs.  In  our  case  we  occupy  a  podtioB 
half-way  between  the  most  civilised  and  the  savage  state,  in 
having  a  solicitor,  but  no  solicitors'  bills ;  I  think,  therefore,  that 
the  least  we  can  do  is  to  return  our  sincere  thanks  to  our  Honoran' 
Solicitors  for  their  services.  As  a  rule,  these  gentlemen  have  had 
nothing  to  do,  but  on  a  recent  occasion,  when  we  changed  oar 
name,  they  gave  their  services  most  willingly,  and  for  that  alone 
our  thanks  are  due,  as  well  as  for  the  duties  which  will  no  doubt 
devolve  upon  them  in  the  future.  I  therefore  beg  to  move— 
'^  That  the  thanks  of  the  Institution  are  due  to  Messrs.  Wilson, 
^'Bristows,  &  Carpmael  for  their  kind  services  as  Honorai; 
«  SoUcitors." 

The  motion,  seconded  by  Mr.  Gisbebt  KAPP^wa^  he^rtilj^  juried. 
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The  Chairman  :  The  next  business  before  us  is  to  continue  the 
discussion  on  Mr.  Addenbrooke's  paper  on  "  Electrical  Engineer- 
^*  ing  in  America." 

Mr,  W,  Lant  Carpenter  :  I  was  prevented  by  an  engagement  ctpenter. 

out  of  London  from  being  present  to  hear  Mr.  Addenbrooke's 

paper  and  the  discussion  upon  it  last  meeting,  but  I  have  had  an 

opportunity  of  reading  it  since ;  and  as  it  fell  to  my  lot  to  make  a 

very  hurried  journey  to  Vancouver's   Island  and  back   during 

August  and  September  last,  I  was  able  to  see  some  of  the  points 

that  Mr.  Addenbrooke  has  alluded  to  in  his  paper,  and  hence  I 

should  like  to  take  the  opportunity  of  saying  how  heartily  I 

concur  in  all  that  he  said  with  regard  to  the  temporary  and 

unsesthetic  character  of  the  fittings  for  electric  lighting  in  the 

Western  towns,  both  in  the  United  States  and  Canada.     I  had  not 

the  opportunity  of  going  over  any  of  the  central  stations  at  all, 

and  my  journey  being   exceedingly  hurried,  I  was   only  able 

mainly  to  observe  what  one  can  see  in  passing  rapidly  through 

these  cities,  and  just  to  converse  with  various  people  on  the 

general  position  of  things.     One  or  two  points  struck  me  which 

appear,  perhaps,  to  have  escaped  Mr.  Addenbrooke's  notice,  or 

possibly  may  have  escaped  my  attention  when  reading  his  paper, 

or  in  the  interpretation  of  it.     One  was  the  very  extensive  use 

made  of  water-power  in  the  towns  in  the  mountainous  districts, 

especially  on  the  Pacific  slope  of  the  Bocky  Mountains ;  and  it 

certainly  was  very  remarkable  to  see  how  in  mushroom  towns 

three  or  five  years  old,  every  one  of  them  was  lighted  electrically, 

in  most  cases  by  the  water-power  obtained  from  the  streams  and  £ei11s 

from  the  Bocky  Mountains  and  their  tributary  ranges,  and  used  not 

only  for  arc  lighting,  but  for  electric  traction  work.    There  were 

some  towns  that  I  saw  where  they  had  not  yet  properly  formed 

the  streets,  but  had  levelled  the. place  simply,  and  on  that  they 

had  put  down  rough  rails    and   carried   out   their   locomotion 

entirely  by  electricity,  using  overhead  conductors,  the  power  being 

almost  entirely  derived  from  water  in  the  neighbourhood.    That 

was  very  notably  the  case  at  the  town   of  Spokane  Falls,  in 

Washington  Territory,  which  was  burnt  down  last  July:   the 

whole  place  was  light od  by  arc  lighting  in  a  few  hours  after  thi 
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g^^        catastrophe.     The  same  thing  applies  to  a  town  between  Lake 
Huron  and  Lake  Superior — Sault  Ste.  Marie — ^you  See  exactly  the 
same  thing ;  the  power  there  being  taken  from  the  rapids  running 
between  the  two  lakes,  the  total  vertical  fall  being  about  50  feet. 
But  the  point  that  specially  forced  itself  upon  my  notice  was  the 
very  small  amount  of  incandescence  lamp  lighting  which   was 
employed  in  any  of  these  Western  towns  ;  and  as  far  as  I  could 
make  out  from  conversation  with  many  people,  the  one   great 
reason  for  it  was  that  the  thing  was  so  badly  managed  that,  as  a 
rule,  the  life  of  the  lamp  was  exceedingly  short,  and  in  fact  they 
considered  that  300  hours  was  quite  a  phenomenal  life  for  a  lamp. 
The  reason,  so  far  as  I  could  ascertain,  appeared  to  be  that  there 
was  not  that  skilled  supervision  with  regard  both  to  the  laying 
down  of  the  installations  and  their  management  that  we  are 
accustomed  to ;  and  so  it  was  that  in  many  towns — I  am  speaking 
of  these  extreme  Western  towns,  both  in  the  United  States  and  in 
Canada,  to  which  the  same  remark  applies — glow  lamps  were 
scarcely  employed,  and  where  they  had  been  employed  they  were 
frequently  given  up,  the  reason  being,  as  far  as  I  could  make  out, 
the  want  of  any  proper  arrangements  whatever  in  the  beginning, 
and  also  in  the  running  of  the  installation  afberwards. 

With  regard  to  the  use  of  water-power, — it  is  probably  within 
the  knowledge  of  most  present  that  three  large  towns'in 
Canada — Montreal,  Ottawa,  and  Quebec — are  lighted  by  water- 
power,  in  the  case  of  Quebec  from  the  Montmorency  Falls,  eight 
miles  off;  and  I  heard  a  great  deal  about  the  probability  of 
electric  traction  being  derived  from  the  same  source.  In  conver- 
sation with  people  at  Ottawa  I  was  told,  although  I  did  not  see  it, 
that  the  alternate  currents  which  were  used  so  very  much  there 
for  lighting,  which  were  derived  from  the  Chaudidre  Falls,  were 
also  used  for  power  in  a  good  many  instances  by  the  Tesla  motor; 
I  do  not  state  this  of  my  own  authority,  because  I  had  not  time  to 
see  for  myself,  but  I  was  told  that  a  large  number  of  Tesla  motors 
were  employed  commercially  in  Ottawa  with  these  altematiog 
currents. 

The  only  other  point  on  which  I  would  trouble  the  meeting 
is  the  large  number  of  wires  used  for  long-distance  telephone 
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working  which  were  ninninfir  out  of  New  York— my  attention  was  Mr. 

Caruentsf 

flpeeially  called  to  them — running  to  Buflfalo  and  a  large  number 
of  other  towns.  Long-distance  telephony  seems  now  to  be  a 
very  easy  thing,  and  largely  used. 

There  has  been  a  great  reduction  in  the  overhead  wires  in 
New  York,  Chicago,  and  other  large  towns  during  the  last  four  or 
five  years,  compared  to  the  Western  towns  of  which  I  have  been 
speaking,  and  there  seems  to  be  very  much  more  underground 
work  done.  I  am  here  contrasting  what  I  saw  in  the  streets  of 
large  cities  in  1884  and  188^. 

Mr.  Gr.  S.  Eam  :  I  have  lived  a  year  and  a  half  in  the  States,  Mr.  Ram. 
and  can  therefore  endorse  a  good  many  of  the  things  that  Mr. 
Addenbrooke  has  said.  I  do  not  altogether  agree  with  his  remarks 
about  the  glare  of  the  arc  lighting  when  done  on  the  poles  in  the 
ordinary  way.  In  New  York  there  is  no  arc  lighting  on  the  tower 
system ;  there  were  two  towers  of  great  height  in  Union  Square 
about  two  years  ago,  but  they  were  abandoned  in  favour  of  the  arc 
lights  on  ordinary  poles  ;  and  it  may  be  that  one  gets  used  to  it, 
but  I  certainly  very  much  prefer  the  "  blazing  light "  in  New  York 
to  the  comparative  "  utter  darkness  "  in  London. 

They  have  in  America  many  ways  of  doing  things  which 
appear  strange  to  the  Britisher.  For  instance,  I  have  seen  in  one 
of  the  largest  hotels  in  New  York,  lighted  by  its  own  Edison 
plant,  the  large  Edison  dynamo  being  run  with  large  blocks  of 
ice  on  the  bearings  to.^keep  them  cool.  This,  the  engineer  told 
me,  was  the  way  he  always  ran  the  machine.  It  was  probably 
not  done  at  the  direction  of  the  Edison  Company,  but  on  the  sole 
responsibility  of  the  engineer,  who  had  developed  a  theory  that  ice 
was  cheaper  than  oil. 

Mr.  Addenbrooke's  remarks  on  the  overhead  work  might  be. 
thought  by  anyone  who  has  not  seen  it  for  himself  to  be  possibly 
somewhat  overdrawn  and  exaggerated ;  but  Mr.  Addenbrooke,  I 
think,  was  strictly  speaking  within  the  limits  when  he  said  that 
everything  has  a  temporary  and  half-done  look  about  it  which  is 
very  offensive  to  English  eyes.  In  order  that  those  who  have  not 
seen  the  work  may  be  able  to  more  fully  appreciate  Mr.  Adden- 
brooke'fi  description^  I  have  brought  here  a  photograph  of  julgt  _ 
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Mr.  Ram.     of  Broadway,    New  York,  which    I  took  in  the   beginning  of  this 
year.    When  I  took  the  photograph  it  was  my  intention  to  get  a 
picture  of  the  building,  not  the  wires ;  but  the  result  is  such  that 
one  may  say  it  is  a  picture  of  wires,  with  a  building  in  the  back- 
ground.    Only  the  thicker  and  nearer  wires  can  be  distinguished 
in  the  photograph,  but  in  a  transparency  I  have  made,  by  the  use 
of  a  magnifying  glass  hundreds  of  wires  can  be  distinguished, 
while    with    a    more  powerful    glass  the  details  of  the   way  in 
which  they  are  fixed  to  the  poles  can  be  seen.     There  is  one  post 
with    17   cross-bars,    each     of   which  carries    10    green    glass 
insulators,  besides  one  on  the  top  of  the  pole,  and  every  insulator 
appears  to  carry  a  wire.     A  number  of  wires  seem  to  run  up  and 
down  and  round  this  pole,  I  do  not  see  for  what  purpose,  and  a 
number  of  ends  are  coiled  up  and  left  hanging.     There  are  also 
a  number  of  thickish  insulated  wires,  which  are  probably  arc 
light  wires  covered  with  "  underwriters'  insulation,''   which  are 
fastened  to  the  pole  itself,  and  not  to  the  insulators  at  all ;    and  a 
number  of  these  are  seen  to  rise  to  a  much  higher  pole,  with  its 
cross-bars  at  right  angles  to  the  first,  about  10  feet  off,  and  to 
which  they  are  apparently  tied  below  the  cross-bar.     On  this  pole 
one  of  the  cross-bars  is  twisted  round,  and  appears  to  be  waiting 
for  a  gust  of  wind  to  blow  it  down.     Between  these  two  poles 
there  is  a  third  pole,  from  which  wires  radiate  in  all  directions. 
With  the  aid  of  a  glass  the  insulation  of  many  of  the  wires  may 
be  seen  to  be  hanging  in  shreds.    This  spot  was  not  selected  for 
the  purpose  of  showing  the  wires,  but  I  think  it  gives  a  fidr       ^ 
average    sample    of    electrical    engineering    out    of  doors   on       i 
Broadway,  New  York,      [The  photograph  and  transparency  toere 
handed  round  for  eocamination.']  i 

tr.spagno.  Mr.  C.  E.  Spagnoletti  :  The  necessities  for  insulation  in  the 
two  countries,  England  and  America,  are  so  widely  different  that 
that,  may  account  for  the  difference  in  the  appearance  of  the 
style  of  work  in  each  to  a  very  great  extent.  It  will,  perhaps, 
be  remembered  by  many  here  that  when  Mr.  Cromwell  Varley 
went  to  America,  many  years  ago,  he  was  very  much  struck  with 
the  careless  way  in  which  the  insulation  was  attended  to  theret, 
-nd  there  was  rather  an  animated  correspond§nce  .iiLthe^mpers 


itti. 
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on  that  sabject.  Here,  in  England,  we  have,  from  our  own  Mr.  spa^wN 
experience,  a  knowledge  as  to  how  the  insulation  of  the  wires 
varies.  On  the  Great  Western  Bail  way,  in  the  South  Wales 
district,  one  week  our  wires  will  test  exceedingly  high — some 
8,000,000  or  10,000,000— and  perhaps  the  next  week,  with 
continuous  showery  or  drizzling  rain,  we  may  get  insulation 
results  on  the  same  wires  below  200,000  ohms.  Some  years  ago 
Mr.  Edison  was  over  here  with  a  new  instrument — a  modification 
of  Bain's  chemical  printing  telegraph — and  he  was  trying  some 
experiments  at  the  Post  Ofiice.  The  instrument  was  a  very 
sensitive  one,  and  the  induction  in  the  underground  wires 
through  London  was  such  as  to  very  much  interfere  with  it — 
in  feet,  to  render  working  impossible.  Upon  the  request  of 
Mr.  Culley,  who  was  then  the  Engineer-in-Chief  of  the  Post 
Office,  we  arranged  to  give  Mr.  Edison  a  room  at  our 
Ealing  Station,  into  which  one  of  the  Post  Office  wires 
from  Liverpool  was  led.  Mr.  Edison  was  in  that  room  making 
experiments  for  about  a  fortnight,  and  he  told  me  that  in  New 
York,  without  the  slightest  difficulty,  he  could  get  2,000  words 
a  minute  out  of  this  machine,  but  the  most  he  could  do  under 
the  best  conditions  that  he  could  get  over  here  was  only  at  the 
rate  of  614  words  a  minute.  This  will  show  the  great 
difiference  of  the  two  atmospheres;  and,  as  Mr.  Varley  then 
said  after  his  experience  there,  he  thought  that  in  America  they 
might  work  a  very  long  line  with  very  inferior  insulation,  as  the 
atmosphere  there  was  totally  different  from  that  of  this  country. 

Mr.  W.  H.  Preece,  F.R.S. :  I  should  just  like  to  add  a  rather  Mr.  Preeotu 
interesting  fact  to  what  Mr.  Spagnoletti  has  just  communicated 
aboui  Mr.  Edison.  When  he  came  over  here  with  the  electro- 
magnetic shunt  business,  he  thought  he  was  going  to  do  great 
things,  and  before  he  came  to  the  Post  Office  he  made  some 
experiments  on  circuits  belonging  to  the  Eastern  Telegraph  Com- 
pany, who  gave  him  the  use  of  a  cable  that  was  lying  in  the 
tanks  of  the  Telegraph  Construction  Company  at  Greenwich. 
Mr.  Edison  wanted  to  study  the  effect  of  his  automatic  system  on 
cables,  and  they  gave  him  the  use  of  this  cable  for  a  whole  night. 
He  told  me  this  himself,  and  he  said,    "Now  the  first  thing 
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jir..Pneoe.  <'  that  I  wanted  to  know  was  the  length  of  a  dot."  The  length 
of  the  cable  he  was  experimenting  with  was  some  800  or  1,000 
miles — I  forget  the  exact  length — and  he  said,  "  When  I  put  a 
"dot  into  that  cable,  what  do  you  think  was  the  length  of  it 
"  when  it  came  out  at  the  other  end  ?  "  I  said,  "  I  do  not  know ; 
"  perhaps  six  inches."  He  said,  "  Six  inches !  it  was  28  feet :  I 
"  thought  that  dot  was  never  going  to  end."  That  is  a  very 
interesting  anecdote,  because  it  showed  that  at  that  moment  few 
of  us  really  knew  what  the  eflfect  of  self-induction  in  a  coiled 
cable  was.  On  this  point  it  is  also  interesting  to  know — and  I 
think  I  have  mentioned  it  in  this  room  before— that  the  first 
Atlantic  cable,  when  coiled  in  the  tanks  at  G-reenwich,  gave  a 
•speed  of  about  1|  words  per  minute;  and  Sir  William  Thomson, 
Varley,  and  Fleeming  Jenkin  brought  out  their  curb  key,  which 
was  going  to  increase  the  rate  of  working  of  the  Atlantic  cable 
from  1  ^  words  per  minute  to  about  4  or  6  words  per  minute.  It 
was  in  1866.  The  cable  was  laid ;  the  key  was  brought  down  to 
Valentia.  To  their  surprise  they  found  that,  with  the  ordinary 
single  key,  they  were  able  to  get  15  words  a  minute  through 
the  Atlantic  cable  ;  the  reason  being  simply  that  they  had 
experimented  with  a  coiled  cable  in  tanks  in  the  first  instance, 
and  then  with  a  cable  laid  straight  along  the  bottom  of  the 
Atlantic,  when  the  effects  of  self-induction  disappeared,  and  there 
remained  only  the  effect  of  electrostatic  induction  to  retard 
working. 

To  go  back  to  another  question  referred  to  by  Mr.  Spagnoletti, 
I  have  previously  pointed  out  here  that  the  great  reason  why 
there  is  such  a  difference  between  the  insulation  in  the  United 
States  and  the  insulation  in  this  country  is  that  in  the  United 
States  the  prevailing  winds  firom  the  ocean  are  from  a  cold 
region  to  a  warm  one:  the  shores  of  the  northern  straits  of 
America  are  washed  by  the  Arctic  current,  and  the  prevailing 
winds  are  cold  and  dry  winds.  In  this  country  it  is  the  reverse : 
we  have  our  shores  washed  by  the  Gulf  Stream,  and  the  pre- 
vailing winds  are  the  S.W.  winds,  which  come  upon  our  shores 
colder  than  the  ocean,  laden  with  moisture,  and  the  result  is  that 
we  have  dampness ;  and  thus  there  are  difficulties  that  render 
insulation  with  us  extremely  difficult.  "  ^  ~ 
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I  do  not  feel  at  all  able  to-night  to  say  anything /ibout  the  Mr.  Pre^ 
paper  of  Mr.  Addenbrooke,  nor  to  take  part  in  this  discussion. 
I  have  twice  visited  the  United  States,  and  on  each  occasion  I 
have  given  the  result  of  my  visit  there  to  this  Institution.  But 
I  have  never  come  from  the  States  without  feeling  benefited ;  and 
I  have  no  hesitation  whatever  in  saying  this — that  if  any  marked 
improvement  has  taken  place  in  the  management  or  in  the 
arrangement  of  the  working  of  the  telegraphs  of  this  country 
through  my  exertions,  I  believe  that  it  has  been  greatly  due  to 
the  contact  that  I  have  made  with  the  energy  and  the  go-a- 
headedness  of  our  firiends  on  the  other  side,  of  the  water.  They 
have  difficulties  to  surmount  that  we  do  not  meet  with  here; 
we  have  difficulties  to  surmount  that  they  do  not  know  of  there ; 
and  the  tendency  is  that  we  are  rather  inducea  to  criticise  their 
doings  from  our  point  of  view,  while  they  criticise  our  doings 
from  their  point  of  view.  I  have  never  yet  met  an  American 
electrician  who  has  come  over  to  this  side  of  the  water  who  has  * 
not  admired  something  that  we  do,  and  gone  back  feeling  a 
wiser  man;  and  I  am  quite  sure  that  there  is  not  a  single 
member  of  this  Institution  who  would  go  to  the  other  side  of 
the  Atlantic  who  would  not  come  back  again  and  say  that  he 
had  learned  a  lot,  and  felt  after  it  a  much  better  man. 

Mr.  E.  E.  Ckompton  :  The  points  I  notice  as  specially  interesting  Mr. 

CfOiuptoii. 

are  the  device  which  the  author  mentions  as  having  been  adopted 
in  America  for  preventing  the  vibration  of  moving  machinery 
being  communicated  to  adjoining  premises.  This  appears  to 
consist  in  placing  the  dynamos  on  a  wooden  platform  supported 
on  wooden  posts,  and  the  platform  not  being  connected  at  the 
dynamo  level  to  the  walls  of  the  building.  The  experience  that 
I  have  had  in  England  has  shown  me  that  such  an  arrangement 
in  some  cases  may  actually  increase  instead  of  diminishing  the  , 
vibration,  with  the  result  that  the  increased  vibration  communi- 
cated down  through  the  ground  to  the  adjoining  walls  is 
actually  greater  than  if  the  moving  machinery  had  been  placed 
on  more  rigid  foundations.  1  note  that  at  the  Edison  station  in 
Chicago  a  considerable  number  of  resistances  and  indicators  are 
nsed  for  the  various  feeder  circuits.     This  appearstojne^as  i_f 


846  ELECTRICAL  ENGINEEBING  IN  AMERICA.      [Dec.  12lb, 

^-  they  were  there  ignorant  of  later  practice,  as  in  the  best-managed 

Trampton. 

modem  systems  which  employ  feeders  it  has  been  found  quite 

possible,  by  careful  design  of  the  network  and  feeder  system,  to 
avoid  the  use  of  such  variable  resistances.  The  hatchet-shaped 
switch  described  by  Mr.  Addenbrooke  is  very  largely  used  in 
England  and  on  the  Continent,  as  well  as  in  America.  He  is 
quite  right  in  saying  that  it  is  one  of  the  cheapest  and  best 
switches  that  have  been  hitherto  designed.  I  note  also  that 
Mr.  Addenbrooke  re-states  the  fact  which  I  have  always  insisted 
upon,  viz.,  that  up  to  the  present  date  alternating-current 
machines  are  not  as  a  matter  of  practice  run  in  parallel  in  tbe 
American  central  stations.  This  has  been  over  and  over 
contradicted  in  this  Institution,  and  it  is  interesting  to  see 
Mr.  Addenbrooke  confirm  my  views. 

The  vertical  boiler  described  in  the  paper  is  interesting  to  a 
mechanical  engineer  from  the  &ct  that  apparently,  in  this  case, 
•  it  gives  no  trouble.  The  use  of  such  boilers  has  been  firequently 
attempted  in  this  country,  but  there  are  so  many  disadvantages 
and  dangers  connected  with  it  that  it  has  in  most  cases  been  given 
up.  The  upper  part  of  the  tubes  which  pass  through  the  steam 
space  above  the  surface  of  the  water  is  liable  to  get  so  hot  that 
they  consequently  collapse  and  give  great  trouble.  I  can 
also  state  from  personal  experience  that  it  is  very  difficult  to 
make  the  upper  ends  of  these  tubes  tight  in  the  upper  tube  plate. 
I  regret  much  that  we  have  little  chance  of  availing  ourselves 
of  the  interesting  information  Mr.  Addenbrooke  gives  us  of  the 
various  methods  of  overhead  connections  for  electric  tramways.  I 
have  no  doubt  that  this  method  of  supplying  the  electrical  energy 
to  tramways  is  the  best  and  cheapest  of  all ;  but  we  have  to  over- 
come the  sBsthetic  prejudice  of  the  municipal  authorities,  and  I 
am  sure  that  this  will  be  so  strong  that  we  have  hardly  a  chance 
of  using  the  overhead  system. 

The  whole  of  Mr.  Addenbrooke's  paper  is  very  interesting,  as 
it  shows  what  very  great  advantages  American  electrical  engineer* 
ing  has  enjoyed  in  the  license  that  has  been  given  them  to  cany 
out  pioneer  work  in  the  roughest  possible  manner.  I  do  not 
think  it  right  to  severely  criticise  such  work,  but  consider  that  it 


1880.]  DISCUSSION.  »** 

has  been  a    great    service    in    popularising    the    demand    f^^Mr^ 
electricity. 

Mr.  A.  Eeckenzaun  :  I  quite  agree  with  Mr.  Preece's  remarks,  ^^g„j^y„ 
which  were  to  the  effect  that  those  of  us  who  visit  the  United 
Statea  cannot  return  without  having  learnt  something,  and  vice 
versa  for  American  electrical  engineers  visiting  this  country. 

I  am  very  sorry  to  notice  that  Mr.  Addenbrooke  uses  some 
hard  words  with  reference  to  electrical  engineering  practice  in 
America.  He  seems  greatly  troubled  about  posts,  and  says  that 
"when  posts  are  used  they  are  of  rough  pine,  never  painted, 
"  often  out  of  straight  and  warped  and  bent."  I  have  seen  a  number 
of  these  posts :  they  are  unsightly  certainly,  whatever  shape  they 
may  be ;  but  there  are  some  posts  in  the  States,  especially  in 
larger  cities,  which  are  straight,  smooth,  and  painted,  and  there 
are  also  posts  which  are  quite  ornamental,  made  of  cast  or  wrought 
iron. 

Mr.  Addenbrooke's  paper  seems  to  be  a  criticism  upon  the  bad 
work  done  in  America,  and  he  says  so  little  about  the  good  work 
that  is  done  there ;  therefore  one  hardly  knows  where  to  commence 
discussing  his  comments,  and  where  to  leave  off.  He  says  little  or 
nothing  about  central  stations  and  isolated  plants  in  which 
secondary  batteries  are  utilised.  There  has  been  a  considerable 
development  in  this  direction,  and  some  mention  ought  to  have 
been  made,  if  only  superficially,  in  a  paper  of  such  pretentious 
title.  There  are  numerous  central  stations  and  isolated  plants 
which  are  worked  with  storage  batteries,  as,  for  instance,  at 
Detroit,  feeding  1,600  lamps;  Jersey  City,  1,000  lamps;  Hones- 
dale,  500  lamps  ;  Haverford  College,  500  lamps ;  Cherryfield,  500 
lamps;  Watsontown,  500  lamps;  AUentown,  500  lamps;  the 
Metropolitan  Telegraph  and  Telephone  Company,  New  York,  1,100 
lamps;  Mill*s  Buildings,  New  York,  1,000  lamps;  and  the 
American  Express  Company,  250  lamps.  These  are  only  a  few 
which  my  brother,  who  is  here  from  San  Francisco,  mentioned  to 
me  at  random. 

There  is  one  very  important  subject — a  great  and  thriving 
industry  in  the  United  States — and  that  is  electric  railway 
engineering.      Concerning  this  Mr.  Addenbrooke  says  jiqthing_ 
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Mr.  A.  beyond  a  few  general  statistics  which  have  been  published  in  tbe 
newspapers,  and  one  is  inclined  to  think  that  he  has  either  not 
seen  any  electric  railways,  or  if  he  has  seen  some  he  has  not  taken 
the  slightest  notice  of  them.  Such  matters  would  have  been  far 
more  interesting  to  us  than  a  list  of  fftults  which  his  critical  eye 
happened  to  discover. 

Sa£«un  Mr.  FREDERICK  Reckenzadn  :  I  think  my  brother  has  weU 
covered  the  ground  on  which  I  should  raise  a  discussion.  It  is 
true,  electrical  engineering  practice  in  America  differs  somewhat 
from  European  practice.  While  overhead  wiring  is  done  to  some 
extent  in  a  *^  slipshod  "  way,  to  use  Mr.  Addenbrooke's  ezpresdon, 
there  is,  on  the  other  hand,  a  considerable  amount  of  skill  dis- 
played in  this  class  of  work  by  the  larger  companies,  such  as  the 
Brush,  Thomson-Houston,  United  States,  and  others,  who  treat 
it  as  a  special  department.  Overhead  wiring,  properly  doae, 
combines  economy  with  efl&ciency  and  simplicity.  As  to  the 
construction  of  arc  lamps,  I  might  say  that  we  certainly  do  not 
see  such  ornamental  lamps  in  America  as  we  see  here  and  on  Uie 
Continent.  The  American  arc  lamps  are  plain  and  simple,  bat 
answer  the  purpose ;  what  is  wanted  is  not  so  much  ornaments  as 
illumination.  It  is  certain  that  cheap  construction  reduces  the 
cost  of  the  electric  light  and  facilitates  its  introduction.  In  New 
York,  for  instance,  the  arc  light  prices  are  so  low  that  many  smali 
storekeepers  could  afford  to  use  it,  both  inside  and  out.  This  has 
added  to  the  illumination  of  the  streets,  which  otherwise  was  in 
many  places  defective. 

In  regard  to  incandescent  lighting,  Mr.  Lant  Carpenter 
gave  as  the  reason  why  it  is  not  extensively  introduced  in 
the  West,  that  such  plants  have  been  badly  managed.  Tins  is 
true,  perhaps,  to  some  extent.  On  the  other  hand.  Western 
people — ^who,  as  a  rule,  jump  at  new  things,  and  want  the  biggest 
7— often  have  in  their  towns  an  arc  lighting  plant  before  they  have 
a  gasworks ;  they  jBnd  the  arc  light  not  only  the  biggest,  but  the 
most  economical  for  their  purposes.  Incandescent  lighting  i^ 
rather  looked  upon  as  a  refinement  to  be  added  later  on.  It  costs 
a  great  deal  more  in  construction  as  well  as  for  operation,  per 
unit  of  light,  than  arc  lighting ;  and  in  many  places^  where  in 
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Europe  they   would  not  use  arc  lights,  such  as  restaurants  or  Mr.  f. 
offices,  they  use  it  there,  and  do  not  mind  the  little  flickering  and 
the  glare  which  it  brings  with  it. 

Mr.  G".  L.  Addenbrooke,  in  reply,  said  :  I  think  that  as  such  Mr.  j^dden- 
a  large  number  of  points  have  been  raised  by  the  various  speakers, 
I  had  better  rather  take  them  together  than  attempt  to  reply  to 
every  one  separately. 

Beferring,  fi^  of  all,  to  what  Mr.  E.  Beckenzaun  said  about 
the  use  of  arc  lights,  I  must  say  that  I  was  struck  with  the  way 
in  which  they  were  employed  in  little  saloons  and  places  12  or 
14  feet  square,  and  not  much  more  than  10  feet  high;  an  arc 
lamp  often  being  suspended  in  the  middle,  when,  of  course,  the 
light  seems  really  brighter  than  daylight. 

I  would  say  that  I  do  mention  in  my  paper  the  good  con- 
struction of  the  Thomson-Houston  Company — at  any  rate,  in 
New  York.  I  specially  mention  that,  and  I  also  may  state  that 
they  ran  their  lighting  circuits  during  the  time  that  the  other 
companies  suspended  their  operations  in  New  York  owing  to  the 
extent  of  the  difficulties  which  had  arisen  with  the  Tovm  Council. 
There  is  no  doubt  that  the  tramway  companies  are  bringing  in 
the  use  of  a  better  class  of  posts.  First  of  all,  they  appear  to 
have  started  with  an  even  poorer  class  of  posts  than  were  being 
used  for  other  things.  Most  of  their  posts  were  arranged  one  on 
each  side  of  the  street,  with  a  cross-^rtre  carrying  the  conductor 
in  the  middle ;  but  they  are  now  largely  giving  up  that  class  of 
structure  for  neat  wrought-iron  posts.  These  posts  are  arranged 
in  the  centre  of  the  two  tracks,  with  an  arm  on  each  side,  if  the 
track  is  a  double  one ;  or,  if  the  track  is  single,  the  posts  are 
at  the  side  of  the  road,  with  one  arm  projecting.  It  is  easy  to 
put  lamps  on  these  posts,  which  are  useful  to  prevent  vehicles 
running  against  them.  The  electro-motive  force  is,  as  a  rule, 
500  or  646  volts.  Five  lamps  are  put  in  series  on  every  other,  or 
third,  pole,  bridging  across  the  mains :  the  lamps  bum  very  well, 
and,  of  course,  do  for  lighting  the  streets.  I  may  say  that  the 
same  method  of  using  five  lamps  in  series  is  used  for  lighting 
the  cars. 

With  respect  to  what  Mr.  Crompton  said  about  4he  feofiJCMci^ 
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Mr.  Adden-  tion  of  the  floorinfi:  of  central  stations,  which  I  described  as 

brooke.  j-  n  ° 

separated  from  the  building,  and  only  steadied  from  the  sides :  I 
did  not  intend  to  imply  in  my  paper  that  this  was  to  reduce  the 
vibration  of  the  machinery,  but  it  was  to  prevent  the  vibration 
of  the  machinery  affecting  the  building.  The  upright  boiler 
that  I  described  as  used  by  the  Thomson-Houston  Company 
may  be  subject  to  the  defects  which  Mr.  Crompton  mentioned; 
all  that  I  can  say  is,  that  there  were  three  of  them  in  use  in  the 
Thomson-Houston  station  in  New  York,  and  that  Mr.  Foster,  the 
superintendent  there,  told  me  that  they  proposed  increasing  the 
number. 

A  remark  was  made  by  Mr.  Lant  Carpenter  as  to  long-distance 
telephony.  I  had  the  pleasure  of  speaking  from  New  York  to 
Boston,  through  one  translator  coil,  and  I  must  say  that  the 
talking  was  excellent.  The  distance  is  250  miles.  I  was  in  the 
central  office  at  New  York,  and  I  spoke  to  one  of  their  officials 
who  was  in  an  office  situated  at  some  distance  from  the  Exchange 
in  Boston. 

At  the  last  meeting  Sir  William  Thomson  alluded  to  the 
rough-and-ready  methods  which  the  Americans  employ.  There 
is  no  doubt  that  they  have  enjoyed,  and  do  enjoy,  enonnous 
facilities  from  this  way  of  going  to  work  ;  and  although  I  have 
strongly  criticised  it,  yet  I  do  not  wish  to  criticise  it  entirely  in 
a  spirit  of  condemnation. 

Turning  now  to  the  difiFerence  between  the  Americans  and 
ourselves,  we  are  accustomed  to  talk  of  English  engineers  and 
American  engineers.  I  was  rather  surprised  when  I  was  there  at 
the  number  of  engineers  I  met  in  America  who  were  bom  in 
England.  They  might  have  been  out  there  twenty  years  or  less, 
but  really  the  proportion  I  met  was  quite  large.  From  all  I 
observed  I  do  not  think  that  there  is  really  very  much  difference 
between  American  engineers  and  English  engineers.  It  is  the 
conditions  of  the  country  that  are  different,  and  the  engineers 
over  there  have  adapted  themselves  to  it.  When  I  was  in 
Australia  I  saw  very  much  the  same  class  of  thing  there. 
Englishmen  out  in  Australia  adapt  themselves  to  the  countiy. 
Electric  lighting  has  not   developed  in  Australia_tQ  the^  jamc 
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extent   that  it  has  here ;    but  still,  out  there,  in  engineering  Mr.  Adden- 
matters    they  do  adapt  themselves  to  the  necessities  of  the 
country  in  the  same  way  that  they  have  done  in  America. 

Then  there  is  another  point  I  noticed,  not  exactly  in  con- 
nection with  electric  lighting*  It  is  that  in  America  the  Town 
Councils,  Mayors,  and  the  authorities  of  the  towns  seem  to  be 
stronger  than  they  are  here.  Of  course  it  is  a  democratic  com- 
munity ;  but  when  they  put  a  man  in  a  place,  he  seems  to  have  a 
great  deal  of  authority  in  that  ^lace ;  and  I  think  that  the 
American  corporations  of  the  towns  perhaps  have  allowed  all 
this  overhead  work  to  go  ahead  in  a  sort  of  good-humoured 
spirit  to  let  people  have  a  chance,  with  the  feeling  that  they 
could  put  their  foot  down,  and  that  they  would  put  their  foot 
down,  and  stop  it  whenever  they  thought  fit  to  do  so.  You  see 
frequent  references  and  cases  in  the  papers  of  the  Mayors  speak- 
ing on  all  sorts  of  subjects  in  an  authoritative  manner  which  I  do 
not  think  would  be  used  in  this  country. 

I  was  at  the  last  meeting  asked  some  questions  about  motors. 
I  did  not  see  much  of  motors  on  arc  light  circuits— or,  rather,  run 
from  arc  light  machines — ^because,  of  course,  there  would  be  some 
diflSculty  in  running  motors  in  the  day  on  arc  circuits  without 
the  lamps  burning.  I  think  they  are  mostly  series  motors,  with 
arrangements  for  cutting  out  more  or  less  of  the  field-magnet 
coils,  and  with  a  switch  for  short-circuiting  the  motor  when  not 
required  to  be  used. 

No  doubt  the  climate  in  America  is  very  different  from  what 
it  is  here.  To  take  an  instance,  I  think  that  the  rain&U  in  the 
region  about  Salt  Lake  City  is  not  much  above  9  or  10  inches  a 
year,  and  a  great  part  of  it  occurs  in  the  winter  when  there  is 
snow.  Even  when  the  rain  does  come,  it  comes  quickly ;  they 
do  not  get  the  long,  drizzling  rains  that  we  get  here. 

The  question  of  alternating-current  motors  has  been  alluded 
to.  I  was  told  that  the  Westinghouse  Company  have  expended 
an  enormous  sum  on  experiments  in  that  direction,  and  a  fair 
number  are  in  use,  but  I  was  unable  to  get  any  original  statistics 
that  I  could  bring  forward  as  to  their  efficiency  or  the  kind  otj 
satisfaction  they  were  giving.  "  ^ 
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MrAdden-  With  regard  to  meters  it  was  much  the  same  thing.  I  was 
told  that  the  Westinghouse  Company — and  they  are  advertismg 
it — ^have  got  8,000  meters  in  use.  The  Americans  are  not  long 
in  saying  that  they  have  a  result  when  they  have  got  it-,  and, 
no  doubt,  experimenting  on  this  scale  with  an  apparatus  which 
in  many  ways  fulfils  the  requisite  conditions,  the  natural 
progress  and  improvements  which  inevitably  follow  when  any- 
thing once  gets  into  extended  use  will  enable  a  good  working 
meter  to  be  completed. 

I  do  not  know  that  there  is  anything  more  that  I  can  usefoUy 
add,  except  that  I  might  perhaps  say  how  much  the  hospitality 
which  was  extended  to  the  American  electrical  engineers  over 
here  during  last  summer  was  appreciated.  I  found  that  everyone 
in  America  was  in  a  very  good  temper  with  everybody  here,  and 
disposed  to  be  exceedingly  courteous,  while  the  opinion  was 
universally  expressed  of  how  much  kindness  they  had  met  from 
their  English  brethren. 

Dr.  The  Chairman  :  I  am  sure  you  will  all  join  in  giving  a  hearty 

Hopkinson.  i         «  o  o 

vote  of  thanks  to  Mr.  Addenbrooke  for  his  paper.  It  is  an 
interesting  paper  in  itself,  and  not  only  that,  but  it  has  given 
rise  to  an  interesting  discussion. 

A  hearty  vote  of  thanks  was  unanimously  accorded  to  Mr. 

Addenbrooke  for  his  paper. 

rofesBor  Professor  S.  P.  Thompson:  May  I  be  allowed  to  draw  the 

attention  of  the  meeting  to  the  blue  glass  insulators  which  have 

been  placed  on  the  table  ?    I  brought  them  from  America  five 

years  ago,  and  I  have  now  brought  them  down  here  to  illustrate 

'  Mr.  Addenbrooke's  paper,    I  happened  to  catch  sight  this  week 

of  a  book  newly  published  by  a  Chicago  engineer  of  great  ability, 

which  is  now  being  circulated  in  this  country  as  a  guide  to  those 

who  have  to  deal  with  dynamo  machines.    In  that  book  the  bine 

glass  insulator  with  the  wooden  pin  is  specially  recommended  as 

the  proper  thing  for  running  arc  lamp  circuits ! 

taSoke?^""       Mr.  G-.  L.  Addenbrooke  :  I  would  mention  that  I  forgot  to 

allude  to  the  fact  that  I  have  laid  on  the  table  specimens  of  the 

class  of  cable  which  is  now  very  largely  being  put  into  the  con- 

^uits  in  New  York.    The  insulation  is  very  hard,  and  is  nune  lite 

>nite  than  indiarrubber. 


1889.]     ELECTION   OF  OFFICERS  AND  COUNCIL  FOR  1890.         85» 

The  Scrutineers  handed  in  their  report  of  the  result  of  the 
ballot  for  Council  and  OflScers  for  the  year  1890,  which  the 
SfecRETARY  announced  to  be  as  follows : — 

President  : 
J.  HoPKENSON,  M.A.,  D.Sc,  F.R.S. 

Vice-Preaidents : 


William  Crookes,  F.R.S. 
Professor  W.  E.  Ayr^on,  F.R.S. 


Alexander  Siemens,  Assoc.  M. 
Inst.  C.E. 


B.  E.  Crompton,  M.  Inst.  C.E. 
Ordinary  Members  of  Cov/ndl : 


Sir  James  Anderson. 

Sir  Albert  J.  L.  Cappel,  K.C.I.E. 

Major  Phiup  Cardew,  E.E. 


GiSBERT  Kapp,  Assoc.M.Inst.C.E. 
Sir  Henry  Mange,  C.I.E.,M.Inst. 
C.E. 


W.  Lant  Carpenter,  B.A.,  B.Sc.    Professor   John    Perry,   M.E., 


Sir  James  Douglass,  F.R.S. 
Captain  Sir  Douglas  Galton, 
K.C.B.,'D.C.L.,  LL.D.,  F.R.S. 
Colonel  R.  Raynsford  Jackson. 


D.Sc,  F.R.S. 
Sir  David  Salomons,  Bart.,  M.A. 
Professor  SilvanusP.  Thompson, 

B.A.,  D.Sc.,  F.R.A.S. 


Associate  Members  of  Council : 

Augustus  Eden.  |  Francis  H.  Nalder. 

Sidney  Sharp. 

Honorary  Avdiiors : 
Frederick  C.  Danvers.        |         Augustus  Stroh. 

Honorary  Treasurer: 
Edward  Graves,  Past-President. 

Horuyrary  Solicitors  : 
Messrs.  Wilson,  Bristows,  &  Carpmael,  1 ,  Copthall  Buildings,  E.C. 

The  President  proposed  a  vote  of  thanks  to  the  Scrutineers 
for  their  labour  in  the  examination  of  the  ballot  lists,  which  was 
carried  unanimously.  .       . gl^ 
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The  Chairman  :  G-entlemen, — I  thank  you  very  heartily  for  the 
great  honour  you  have  done  me  in  electing  me  as  your  President 
for  the  coming  year.  I  take  it  as  a  great  honour  to  be  elected 
to  preside  over  such  an  Institution  as  this — an  Institution  which 
has  already  attained  to  great  celebrity  and  importance  in  the 
industries  with  which  it  is  connected,  and  which,  I  trust,  in  the 
future  will  attain  to  still  greater  importance,  and  still  greater 
utility.  I  take  it  to  be  an  honour,  too,  to  succeed  in  this  chair  so 
distinguished  a  man  as  Sir  William  Thomson,  the  most  dis- 
tinguished electrician  living.  I  can  only  say,  gentlemen,  that  I 
will  do  my  very  best  to  maintain  the  honour  of  the  position  to 
which  you  have  been  so  very  kind  as  to  elect  me. 

A  ballot  took  place,  at  which  the  following  candidate  was 
elected : — 

Associate  : 

Septimus  FeUx  Beevor. 

The  proceedings  then  terminated. 
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IT    18    PASTICULABLT  BESIKAJBLB  THAT   XXMBESS    SHOULD    PRESENT    COPIES    OP    TBXIK 
frOSKS  TO  THE  IIBRAKT  AS  SOON  AS  POSSIBLE  APTER  PUBLICATION. 

Astronomer  Royal  [W.  H.  M.  Christie].     Report  to  the  Board  of  Visitors 

of  the  Royal  Observatory,  Greenwich,  read  at   the  Animal  Visitation, 

June  1,  1889.    4to.     22  pp.  London,  1889 

3ll^clc  and  Hickxnan.  Illnstrated  and  Priced  Catalogue  of  Patent  and  Improved 

Tools  and  Macliiner^',  Metals,  Hardware,  &c.,  &c.    4to.    216  +  xviii.  pp. 

London,  lb89 

OhArton  [M.  J  .1   Aper^u  General  des  dispositions  et  installations  de  TExposition 

Uiiiverselfe  de  1889.     8vo.      27  pp.      [Soc.  des  Inge'nieurs  Civils,  Avril, 

1889.    pp.  155  to  181.]  Paris,  1889 

Colson  [Captain  R.]    L'Energie  et  ses  Transformations — M^canique— Chalenr 

— Lumiftre — Chimie— filectricite' — Magnetisme.  8vo.  236  pp.  Paris,  1889 

[Presented  by  Georges  Carre  (Publisher)!] 
De  TmUBOlniaiUl'    [  Vide  Tunzelmann.  ] 

*  Dtiiiiont[G.],Leblanc[M.],andDelaB6doy6re[E.]  Dictionnaireth^orique 

et  pratique  d'jfelectricit^  et  de  Magnetisme.   (Complete.)  La.8yo.   1,020  pp. 

Paris,  1887^9 
Farmer.     [^i«?«  Saxby  &  Farmer.] 
yiqmiiig  [J.  A.]    The  Alternate-Current  Transformer,  in  Theory  and  Practice. 

Vol.  I.  —  The    Induction  of    Electric    Currents.     ^Electrician  Series.] 

8vo.     487  pp.  London,  1889 

-—    Electrical  Papers.    1874-1889.    8vo.  London,  1889.     Consisting  of  the 

following:— 

On  a  New  Contact  Theory  of  the  Galvanic  Cell.  12  pp.  IProc.  Physical 
Society,  Vol.  L]  1874 

On  the  Polarisation  of  Electrodes  in  Water  free  from  Air.  7  pp.  [Phil. 
Mag,,  Feb.]  1876 

On  a  New  Form  of  Resistance -Balance  adapted  for  Comparing  Standard 
Coils.     9  pp.     [PAi7.3/a5r.,Feb.]  1880 

On  the  Characteristic  Curves  and  Surfaces  of  Incandescence  Lamps. 
18  ppi    IPhil  Mag,,  May.]  1886 

On  the  Use  of  Daniell's  Cell  as  a  Standard  of  Electro-motive  Force. 
15  pp.    [.Phil,  Mag,,  Aug.]  1886 

On  Molecular  Shadows  in  Incandescence  Lumps.  4  pp.  \_Phil,  Mag. , 
Aug.]  1886 

Problems  on  the  Bistribution  of  Electric  Currents  in  Networks  of  Conduc- 
tors treated  by  the  Method  of  Maxwell.  38  pp.  [PAiV.  Mag., 
Sept.]  1886 

On  the  Necessity  for  a  National  Standardising  Laboratory  for  Electrical 
Instruments.  16  pp.  \ Journal  of  the  Society  of  Telegraph-Engineers 
and  Electricians,  Vol.  XIV.,  No.  59.]  1885 

On  Electric  Lighting  in  Works  and  Factories.  32  pp.  [Journal  of  the 
Iron  and  Stepl  Institute,] 

A  Design  for  a  Standard  of  Electrical  Resistance,  4  pp.  \_PhiLMag.t 
J*l"  3  Jigitized  by  Lj( 

VOL.  xvni.  59 
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Fimdng  [J>  A.]  and  GUminfifham  fC.  H.]  On  some  InstntmentB  for  the 
li&asnrement  of  Electro-motiye  Force  and  Electrical  Power.  }JW 
[Jowmal  of  the  Soetetii  of  TeUgraph' Engineer  $  and  Electricians^  Vol.  Xvl., 
No  68.]  1« 

QPay  [Andrew].    Absolute  Measurements  in  Electricity  and  Magnetism.    Snd 

Edition.     Sm.  8vo.    384  pp.  London^  1889 

[Presented  by  Messrs.  Macmillan  &  Co.  (Publisher?).] 

Harris  [H.  Graham].  Continuous  Brakes.  8vo.  41  pp.  Plates.  (Professionil 
Papers  of  the  Corps  of  Royal  Engineers.)  \_Occasional  Paper  Seriti. 
Vol.  XIV.,  Paper  IV.,  1888].  Chatham,  1888 

—  Cantor  Lectures  on  Heat  Engines  other  than  Steam.  [Delivered  before  the 
Society  of  Arts,  May  6, 13, 20,  and  27, 1889].     8to.    62  pp.    London,  1889 

HickmaiL     IVide  Buck  and  Hickman.] 

Hopkinson  [John].  Magnetic  and  other  Physical  Properties  of  Iron.  4to. 
23  pp.    Plates.     IPhiL  Trans.,  Vol.  CLXXX.,  p.  443.]         London,  IM 

Honston  [Edwin  J.]      A  Dictionary  of  Electrical  Words,  Terms,  and  Phrases. 

Cr.  8vo,    640  +  xv.  pp.  New  York  j*  London,  1889 

[Presented  by  The  Electrician  Printing  and  Publishing  Ca,  Limited.] 

Hntchinson  [S.  H.  C]  Brief  Sketch  of  the  Meteorology  of  the  Bombtj 
Presidency  in  1888-89.    Fo.    5  pp.  Bomhay,  1889 

Indian  Government  Telegraphs.    Administration  Rep<Ht  of  the  lodo* 

European  Telegraph  Department  for  1887-88.    Fo.    25  pp.  Calcutta,  1888 

Institntion  of  Oivil  Engineers.  Minutes  of  Proceedings,  with  other  Selected 
and  Abstracted  Papers.  Vol.  XCVII.  1889.  Part  III.  8vo.  625  pp. 
Plates.  London,  1889 

^—~-  Minutes  of  Proceedings,  with  other  Selected  and  Abstracted  Papers. 
VoLXCVm.     8vo.    612  pp.     Plates.  London,l289 

Brief  Subject- Index.      Vols.  LIX.  to  XCVIIL      Sessions  1879-80  to 

1888.89.     8yo.     33  pp.  Zon<i(^,1889 

Jamieson  [Andrew].  On  the  Designing  of  Continuous-Current  Dynamo 
Machines.  8vo.  31  pp.  Plates.  [Trans,  of  the  Institution  of  Engitieert 
and  Shipbuilders  in  Scotland,']  Gutsgovr,  1889 

■■  Electrical  Engineering.  Systematically  arranged  Questions  on  Telegnphr, 
Telephony,  Electric  Lighting,  and  Transmission  of  Power.    8Ta     28  pp. 

London  ^  Glasgow,  1889 

I  Elementary  Manual  of  Magnestism  and  Electricity.  Part  I. — Magnetism. 

8vo.     77  pp.  London,  1889 

■  [Vide  Munro  and  Jamieson.] 

Kennelly  [A.  E.1  and  Wilkinson  [H.  D.]  Practical  Notes  for  Electrical 
Students.  Vol.  I.— Laws,  Units,  and  Simple  Measuring  Instniments.  8to. 
808  pp.     [Published  in  1889].  London,  1890 

[Presented  by  H.  D.  Wilkin»n,  Member.] 

KleiS2aier.     [  Vide  Zetzsche.] 

Lodge  [Oliver  J.]  Modem  Views  of  Electricity.   [Nature  Series.]  8vo.   422  pp. 

London,  1889 

MayCOCk  [W.  Perren].  Practical  Electrical  Notes  and  Definitions,  for  the  use 
of  Engineering  Students  and  Practical  Men,  together  mth  the  Rules  and 
Regulations  to  be  Obserted  in  Electrical  Installation  Work,  as  isBued  by  die 
Institution  of  Electrical  Engineers  and  the  Phoenix  Fire  Office.  tVlth 
Diagrams.    Roy.d2mo.    130pp.  London,l9^ 

HByes  [Bernard].  Syst^me  d'Appareil  Teldgraphigue  Automatiqne  Uni- 
versel.  8vo.  33  pp.  [Ext,  du'' Journal  TH^grophique.''  Vol.  XIIL— Xoa 
4  and  5].  Bern*,  IM 

Monro  [John]  and  Jamieson  [Andrew].  A  Pocket-Book  of  Electrical  Rolef 
and  Tables,  for  the  use  of  Electrici ans  and  Engi  neers.    6th  Edition.    49ti  pp. 

"^  "      '  London,  IM 
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National  Electric  Light  Association.  Proceedings  at  its  Ninth  Convention. 
Annual  Meetingheld  at  Chicago,  Feb.  19, 20,  and  21, 1889.  VoL  VI.  Sva 
261  pp.  Boston,  Mass.,  1889 

New  Zealand.  Report  on  the  Post  Office  and  Telegraph  Department  for  the 
Year  1888.    Po.    xt.  +  21  pp.  Wellington,  1889 

[Presented  bj  Dr.  C.  Lemon,  Member.] 

Paris  Exhibition,  1889.  Photographic  Group  of  Electrical  Jury,  Paris 
Exhibition,  1889.  Paris,  1889 

[Presented  by  J.  Aylmer,  Member.] 

Patent  Agents,  Institnte  of.  Transactions.  Vol.  yiI.^Se8sion  1888-89. 
8m    287  pp.  London,  1889 

[Exchange.] 

Boyal  Obserratory,  Qreenwich.  Rates  of  Chronometers  on  Trial  for 
Purchase  by  the  Board  of  Admiralty,  at  the  Royal  Obserratoiy,  Green- 
wich, from  July  7, 1888,  to  Jan.  26, 1889.    4to.    7  pp.  London,  1889 

[Presented  by  the  Astronomer  RoyaL] 

■  ■  Rates  of  Deck  Watches  on  Trial  for  Purchase  by  the  Board  of  Admiralty, 
at  the  Royal  Observatory,  Greenwich,  from  Nov.  24, 1888,  to  Feb.  16, 1889. 
4to.    8  pp.  London,  1889 

[Presented  by  the  Astronomer  Royal.] 

Saxby  ft  Farmer.    Railway  Safety  Appliances.    4th  Edition.    56  pp. 

London,  1888 

Skinner  [Walter  R.]  **  The  Mining  Manual "  for  1888.  Containing  full  par- 
ticulars of  Mining  Companies,  and  of  all  those  registered  from  June,  1887, 
together  with  a  List  of  Mining  Directors.     8vo.    654  pp.       London,  1SB9 

Smithsonian  Institution.  Annual  Report  of  the  Board  of  Regents  of  the 
Smithsonian  Institution,  showing  the  Operations,  Expenditures,  and  Con- 
dition of  the  Institution  for  the  year  ending  June  80, 1886.  Part  I.  8vo. 
878  pp.  Washington,  1889 

[Exchange.] 

Snell  [Albion  T.]  Electrical  Transmission  of  Power  in  Mining  Operations. 
Sm.  4to.  86  pp.  [Reprint  of  Paper  read  before  the  Lancashire  Branch 
of  the  National  Association  of  Colliery  Managers,  Wigan,  Sept.  28, 1889.] 

Jjondon,  1889 

BoclUM  Fran^^aise  de  Physiane.  Collection  de  M^moires  relatifs  a  la 
Physique.  Tome  IV.  M^moires  snr  le  Pendule,  pr^^des  d'une  Biblio- 
graphie.    8vo.    226  pp.    Plates.  Paris,  1889 

Tait  [P.  G.]    [  Vide  Thomson  and  Tait.] 

Thomson  [Sir  Wm.]  Reprint  of  Papers  on  Electrostatics  and  Magnetism. 
2nd  Edition.    8vo.    592  pp.  London,  1884 

— —  and  Tait  [P.  6.]  Treatise  on  Natural  Philosophy.  New  Edition. 
VoL  I.    Part  I.,  508  pp.    Part  II.,  527  pp.    8vo.  Cambridge,  199% 
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APPENDIX. 


COMMUNICATION. 

The  University,  Glasgow, 

February  IIM,  1890. 

With  regard  to  the  remarks  upon  submarine  telegraphy 
by  Mr.  Preece,  at  the  meeting  of  the  12th  December,  1889,* 
which  have  just  come  under  my  notice,  the  following  may  be  of 
interest  to  members : — 

The  first  Atlantic  cable  was  never  coiled  in  tanks  at  Grreenwich. 
It  was  made,  half  at  Birkenhead,  and  half  at  Grreenwich.  The  two 
parts  were  joined  in  one  circuit  for  the  first  time  on  board  the 
"Niagara"  and  "Agamemnon,"  at  Queenstown,  at  the  end  of 
July,  1857,  and  I  then  got  signals  through  it  at  something  less 
than  one  word  per  minute  with  the  special  instruments  which  had 
been  prepared  by  Mr.  Whitehouse.  When  the  cable  was  laid,  in 
1858,  we  obtained  about  three  words  per  minute  by  hand- 
signalling,  with  my  mirror  galvanometer  as  receiver,  during  the 
three  weeks  of  successful  working  of  the  cable.  In  this  connection 
I  may  quote  the  following  extract  from  a  letter  of  mine  to 
the  AtheTiceumj  dated  October  24th,  1856,  and  published 
November  1st,  1856  : — "  A  mode  of  operating  so  as  to  clear  the 
"wire  rapidly  of  residual  electricity,  which  I  have  worked  out 
"  from  theory,  and  a  plan  for  telegraphic  receiving  instruments  to 
"  take  the  most  full  advantage  of  it,  which  has  recently  occurred 
"  to  me,  allow  me  now  to  feel  confident  of  the  possibility  of 
"  sending  a  distinct  letter  every  3  4  seconds  by  such  a  cable,"  f  or 
about  34  words  per  minute. 

♦  Jowrwd,  p.  844,  above.  ^  t 

t  "  CoUected  Mathematical  and  Physical  Papers,'*  article  IxJ^vll^,  M.ll]9-^i£ 
VOL.  XVIII.  60 


864  COMMUNICATION. 

It  was  the  second  (1865),  and  not  the  first  (1857),  Atlantic 
cable  that  was  coiled  in  tanks  at  Crreenwich,  and  it  was  in 
connection  with  this  cable  that  Mr.  Yarley  and  Mr.  Jenkin  acted 
along  with  me. 

Varley  and  Jenkin  and  I  were  perfectly  aware  of  eleebio- 
magnetic  induction,*  and  we  were  more  pleased  than  sorpriBed 
when  we  found  that,  after  having  promised  to  the  company  eight 
words  per  minute,  we  actually  obtained,  by  hand-signalling,  with 
mirror-galvanometer  as  receiver,  15  words  per  minute  throogh 
each  of  the  two  cables  (the  second  and  third  Atlantic  cables)^ 
when  the  laying  of  both  across  the  Atlantic  was  completed 
in  1866. 

WILLIAM  THOMSON. 

*  See  **  RemArkfl  on  the  Discharge  of  a  Coiled  Eleetric  CSable,"  Britah 
Association  Beport,  1859,  part  2 ;  or  my  *<  Collected  Mathematical  and  Fbjneal 
"  Papers,"  toI.  ii,  article  Ixxx. 
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